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I. — Notes   on  the   Geology   of  the  Isle  of  Man. 

By  the  Key.  J.  Clitton  Waxd,  Ateoo.  B.S.M.|  F.6.S.,  etc. 

(PLATE  I.) 

THE  following  notes  have  been  made  during  a  few  weeks*  holiday 
in  the  Isle  of  Man,  and  my  special  object  is  to  notice  those  points 
which  have  a  bearing  upon  the  geology  and  physical  history  of  the 
neighbouring  Cumberland  mountains.  For  many  years  I  have,  from 
time  to  time,  looked  across  to  the  hills  of  Mona's  Isle,  regarding 
them  as  a  portion  of  the  Cumbrian  group  standing  aloof  from  their 
brethren,  and  often  have  I  wished  to  carry  my  hammer  amongst 
them.  My  wish  has  at  last  been  fulfilled,  but  the  bad  weather  of 
the  coldest  of  summers  has  prevented  the  observations  made  being 
as  full  as  I  had  intended.     Such  as  they  are  I  offer  them. 

At  the  outset  I  would  wish  to  add  my  testimony  to  the  careful 
and  accurate  observations  of  the  Kev.  J.  G.  Gumming,  as  recorded 
in  his  work  on  the  Isle  of  Man,  made  when  geological  science  was 
far  less  advanced  than  at  present. 

My  remarks  shall  be  grouped  under  the  heads  of  the  various 
formations  represented,  and  a  final  glance  taken  of  the  physical 
history  of  the  island  as  contrasted  with  that  of  the  Cumberland 
mountains. 

Skiddaw  Slates. 

One  of  my  chief  objects  in  examining  the  geology  of  the  Isle  of 
Man  was  to  see  whether  the  group  of  rocks  supposed  to  answer  to 
the  Skiddaw  Slates  of  Cumberland  threw  any  light  upon  the  sub- 
divisions of  these  latter.  In  previous  papers  I  have  pointed  out  that 
the  so-called  Skiddaw  Slates  may  be  divided  into  the  following 
parts,  commencing  with  the  highest  member : — 

4.  Skiddaw  Si  ate  proper  (black  clay-slate  of  Skiddaw). 

3.   Coarse  Grit. 

2.  Black  Iron-stained  Slates. 

1.  TJiick-bedded  Sandy  and  Gritty  Series  (of  Grasmoor  and 
Wliiteside).  ^ 

The  Grit  No.  3  I  have  thought  to  represent  the  Arenig  Grit  of  N. 
Wales,  which  it  resembles  in  character  and,  so  far  as  can  be  ascer- 
tained, position.  No.  4  would  then  stand  for  the  Arenig  Slates, 
No.  2  for  the  Tremadoc  Slates,  and  No.   1  represent  the  Lingula 
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Flag  Series.  .  Moreover,  No.  4  is  succeeded  conformably  by"  the 
Yolcanic  Series* x>f  Cumberland,  but  in  the  south-western  comer  of 
the  Lake  .l>tRfnct  the  slates  of  this  division  are  absent,  and  the 
volcanic  asides  immediately  succeed  the  grit,  and  are  conglomeratic 
in  char.'^ctcir^  rounded  pebbles  and  blocks  of  the  grit  being  bedded 
with  the] ashy  material. 

Trusting  that  further  light  might  be  thrown  on  these  subdivisions 
by  an  'examination  of  the  Skiddaw  Slates  of  the  Isle  of  Man,  I  began 
by -seeking  the  uppermost  beds  described  by  Profs.  Harkness  and 
'Nicholson  as  conformably  underlying  volcanic  ash-beds  occurring  at 
^/Douglas  and  Clay  Heads.  But  I  have  not  been  able  to  satisfy  myself 
•/tliat  there  are  any  volcanic  beds  answering  in  age  to  those  of  the 
-  Lake  District,  and  on  writing  to  Prof.  Nicholson  to  inquii-e  more 
particularly  as  to  the  ashy  members  of  Douglas  Head  and  Clay 
Head,  he  replies,  *•  So  far  as  my  own  imperfect  recollection  serves, 
it  is  quite  possible  that  we  may  have  mistaken  light-coloured  gritty 
bands  in  the  Skiddaw  Slates  for  ashes."  I  think  that  this  must 
have  been  the  case,  and  that  for  two  reasons.  In  the  first  place, 
I  could  find  no  beds  with  decided  ashy  characters,  but  the  sandy 
and  gritty  characters  prevail  in  the  localities  named.  In  the 
second,  at  both  places  the  dip  is  to  the  W.N.W.,  and  any  beds 
occurring  at  either  Head  must,  if  they  be  conformable,  underlie 
that  portion  of  the  Skiddaw  Series.  In  the  case  of  the  Douglas  Head 
rocks,  the  dip,  though  very  high — sometimes  nearly  vertical — is 
persistently  westwards  for  three-quarters  of  a  mile,  from  behind  the 
Dock  to  the  Head  itself,  and  therefore  any  conformable  volcanic 
rocks  occurring  at  Douglas  Head  would  underlie  a  great  thickness  of 
the  Skiddaw  group.  After  having  examined  the  fine  cliff-sections 
all  round  the  island  more  or  less  carefully,  and  having  traversed  the 
mountain  groups  in  several  directions,  I  have  failed  to  find  any 
portion  of  the  Volcanic  Series  of  Cumberland  represented.  At  the 
same  time  it  might  be  rash  to  say  that  none  of  the  thick  fiaggy  and 
gritty -looking  beds  so  largely  developed  have  mingled  with  them 
fine  ashy  material ;  this  may  still  be  the  case,  and  yet  the  whole 
belong  to  the  series  of  marine  sedimentary  deposits  known  as  the 
Skiddaw  Slate  group. 

Being  disappointed  in  obtaining  a  defined  upper  limit  to  the  slaty 
series,  my  next  object  was  to  light  upon  some  defined  band  of  sand- 
stone or  grit  which  could  be  traced  across  the  island,  and  thus  give 
an  horizon.  I  hoped,  indeed,  to  meet  with  my  Skiddaw  or  Arenig 
grit.  It  is  necessary  to  state  that  all  the  south-eastern  portion  of 
the  island  from  Port  St  Mary  north-eastwards  to  the  central  valley 
between  Crosby  and  Douglas,  is  for  the  most  part  devoid  of  good 
sections,  except  along  the  coast-line ;  also  that  large  portions  of  the 
mountain  area  north  of  the  central  valley  are  very  sectionless,  great 
spreads  of  drift  sometimes  sweeping  up  the  several  valleys,  and 
oftentimes  the  mountain  slopes  being  uninterruptedly  grassy. 

Upon  the  small  map  (Fig.  I)  I  have  marked  the  general  direction 
of  the  dips  observed ;  these  are  for  the  most  part  at  a  considerable 
angle,  and  often  nearly  verticaL 
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The  rock  occurs  ia  four  forms.  1.  As  a  coarse  thick-bedded 
sandstone  or  ^it,  slightly  oonglomeratio  in  parts.  2.  As  more  or 
less  thickly-bedded  flags  of  a  grey  colour  within  but  often  irony 
on  the  outside.  3.  As  black  slate  frequently  flaggy  in  character, 
and  oocasionally  cleaved.  4.  As  soft  black  shale,  not  unlike  coal- 
measure  shales.  All  these  forms  also  recur  in  the  Lake  District 
Skiddaw  Slate  group.  No.  1  is  perhaps  best  seen  at  St.  Ann's 
Head,  four  miles  south  of  Douglas.  No.  2  is  well  represented  at 
Douglas,  and  furnishes  most  of  the  building  material  of  the  town. 
No.  3  may  be  well  seen  about  South  Barrule  slate  quarries,  where 
cleavage  is  developed,  and  on  Spanish  Head,  where  the  black  flags, 
lying  almost  flat,  are  quarried  for  gate  posts.  No.  4  occurs  in  the 
upper  parts  of  Glen  Meay  (west  of  South  Barrule),  and  other  places. 

It  would  be  unsafe  to  offer  any  decided  opinion  upon  the  divisions 
of  the  Skiddaw  Slate  in  the  island  without  having  made  a  detailed 
gurvey  of  the  whole,  and  still  more  so  to  point  to  certain  parts  as 
the  equivalents  of  Lake  District  divisions.  That  gritty  beds 
occurring  at  St.  Ann's  Head  and  on  Cam  Gerjoil  (marked  in  round 
dot  pattern  on  the  map)  resemble  on  the  whole  the  Skiddaw  or 
Arenig  Grit  previously  alluded  to,  is  but  imperfect  evidence  at  the 
best.  This  much  is  however  to  be  said  in  favour  of  their  identity, 
that  the  slates  of  the  Snae  Fell  range,  extending  from  N.  Barrule, 
through  Snae  Fell,  to  Greeba  and  S.  BaiTule,  have  a  general  north- 
westerly dip,  and  much  resemble  the  black  slates  of  the  Cumberland 
Skiddaw.  The  sandy  and  gritty  beds  of  St.  Ann's  Head  dip  east- 
wards, while  those  on  Cam  Gerjoil  dip  westwards.  It  may  be  that 
Uiey  respectively  represent  the  two  sides  of  an  anticlinal  which 
nms  from  a  little  south  of  Ramsey  to  a  little  west  of  Don<^las.  On 
the  other  hand,  it  is  possible  that  some  large  fault  runs  through  the 
nearly  east  and  west  central  valley,  between  Douglas  and  Peel. 
Gritty  bands  again  occur  south  of  Peel.  Prof.  Nicholson  also 
describes  a  quartz  rock  with  pebbles  three  miles  west  of  Ramsey 
dipping  to  the  north-west,  and  containing  black  shale  bands,  and  a 
little  south  of  Crosby  station  I  observed  a  thick  bed  of  quartzite 
dipping  west  under  black  shale.  Very  likel3\  indeed,  there  are  gritty 
beds  on  several  different  horizons,  and,  indeed,  on  the  east  of  the 
island  especially,  the  beds  appear  much  more  sandy  than  is  the 
general  character  of  the  series  in  the  Lake  District. 

A  broken  line  from  south  of  Ramsey  to  near  Douglas  indicates  the 
general  direction  of  a  marked  anticlinal ;  and  a  dotted  line  from  the 
south  of  Laxey  to  Douglas,  a  marked  synclinal.  An  anticlinal 
again  appears  running  through  the  harbour  of  Port  Erin,  and  on  the 
north  side  of  this,  especially  at  Bradda  Head,  the  rocks  are 
beautifully  contorted,  though  showing  a  general  north-west  dip ;  on 
tbe  south  side,  however,  about  Spanish  Head,  the  beds  are  almost 
horizontal  or  dip  slightly  seawards,  giving  rise  to  large  slips  and 
broken  ground  known  by  the  name  of  the  chasms.  With  the  chance 
of  a  large  fault  between  Douglas  and  Peel  it  is  hard  to  parallel  the 
rocks  north  and  south  of  Port  Erin  with  any  particular  portions  of 
those  in  the  north  of  the  island.     The  strike  of  the  black  flaggy 
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slates  of  Qreeba  and  St.  John's  seems  however  to  be  continued 
across  the  valley.  On  the  whole  it  appeared  to  me  that  the  Skiddaw 
Slates  of  the  Isle  of  Man  throw  no  light  on  the  divisions  of  the  same 
series  in  the  Lake  District;  and  probably,  when  the  island  is 
minutely  surveyed,  all  defined  bands  being  traced,  more  help  will 
be  derived /rom  the  Lake  District  than  given  by  the  Isle  itself. 

Cabbonifkbous. 
The  various  beds  of  the  Carboniferous  Limestone  Series  are  very 
minutely  described  by  Mr.  Gumming,  and  I  would  here  only  offer 
some  remarks,  (I)  on  the  conglomerate  at  the  base,  and  (2)  on  the 
volcanic  rocks  interbedded  with  the  limestone. 

1.  Basement  Conglomerate. — Although  Mr.  Gumming  gives  to 
this  conglomerate  and  its  associated  sandy  beds  the  name  of  Old  R^, 
it  should  be  specially  noted  that  at  the  early  date  at  which  he 
wrote  he  recognized  the  complete  conformity  between  these  beds  and 
the  overlying  limestone. 

It  is  scarcely  necessary  for  me  to  notice  the  paper  by  Mr.  Howorth 
published  in  the  Geologioal  Magazine,  1877,  pp.  411  and  456,  as 
his  endeavour  to  lay  bare  the  supposed  errors  made  by  Mr.  Gum- 
ming has  been  met  by  a  paper  in  the  May  number  of  the  same 
Magazine  for  1879,  by  Mr.  G.  H.  Morton.  It  is,  however, 
preposterous  that  one  who  confesses  himself  to  be  "not  an  ex- 
perienced geologist"  should  so  confidently  assert  that  the  conclu- 
sions drawn,  after  long  and  careful  study,  by  one  who  was  an 
experienced  geologist,  were  erroneous.  Nothing  could  be  clearer 
than  that  the  conglomerate  beds  underlie  the  Carboniferous  Lime- 
stone, that  they  are  almost  wholly  made  up  of  sandstone  or  quartzite 
pebbles,  and  that  the  beds  do  not  represent  boulder  deposits  of  the 
Glacial  Period. 

On  the  western  side  of  Langness  the  conglomerate  may  be  well 
studied  in  its  relations  to  both  underlying  and  overlying  rocks.  At 
low  tide  the  complete  conformity  of  the  conglomeratic  beds  dipping 
we8twai*ds,  with  the  overlying  limestone,  may  be  well  seen,  and 
near  high- water  mark  the  complete  unconformity  of  the  conglo- 
merate with  the  underlying  Skiddaw  Slate  is  also  admirably  shown. 
This  is  especially  the  case  where  an  arch  has  been  worn  through 
the  slate,  the  upper  part  consisting  of  conglomerate ;  close  by  is  a 
little  fault,  throwing  the  conglomerate  against  the  slate  (see  Fig.  8). 
For  the  most  part  the  pebbles  lie  with  their  long  axes  in  the  planes 
of  bedding,  and  so  far  as  I  remember  it  was  but  exceptionally  that  the 
formation  assumed  anything  of  the  appearance  of  a  true  glacial  or 
boulder  deposit 

The  red  sandstone  cliffo  north  of  Peel  contain  conglomeratic 
portions,  and  dip  to  the  north-west  These  beds  have  been  described 
by  my  friend  Mr.  Home,^  who  parallels  them  with  the  Calciferous 
Sandstone  series  of  Scotland. 

2.  Volcanic  Bocks  of  Carboniferous  Age, — ^The  coast-line  between 
Castletown  and  Poolvash  is  perhaps  the  most  interesting  part  of  the 

^  Trans.  Edin.  GeoL  Soc.  vol  ii.  pt.  3, 1874. 
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ifiland  to  the  geologist,  for  here  he  sees  a  small  ancient  volcano  dis- 
sected and  laid  bare.  I  was  at  once  reminded  of  some  of  the  ash- 
necks  of  Carboniferous  age  occurring  just  north  of  the  Scottish 
border.  The  rough  plan  (Fig.  2)  will  help  to  illustrate  the  following 
remarks.  The  Volcanic  rocks  extend  from  Scarlet  Point  to  Pool- 
Tash,  a  distance  of  about  a  mile  and  a  quarter,  and  consist  almost 
wholly  of  ash  and  breccia,  intersected  by  dykes  of  basalt  The 
Stack  of  Scarlet  shows  the  finest  development  of  basalt,  and  from 
this  point  there  runs  a  dyke  of  the  same  in  a  W.N.W.  direction, 
which,  when  best  seen,  is  about  fifty  feet  wide,  but  westwards  it  is 
much  hidden  under  cover  of  cultivated  ground.  With  regard  to  this 
line  of  intrusive  basalt,  there  cannot  be  a  doubt,  I  think,  but  that  it 
represents  an  original  line  of  eruption,  the  part  nearest  to  the  Stack 
being  the  spot  where  the  volcanic  fires  first  reached  the  surface,  and 
where  the  vent  became  finally  choked  with  large  ejected  blocks  and 
scoriad,  the  basaltic  lava  welling  up  through  a  central  fissure,  and 
flowing  over  the  volcanic  breccia  as  it  is  seen  to  do  upon  the  east 
side  of  the  dyke.  A  little  farther  west  along  the  shore  the  greenish 
ashy  material  is  less  coarse,  and  becomes  distinctly  stratified,  this 
representing  the  matter  falling  outside  the  vent  and  becoming  rudely 
bedded  beneath  the  shallow  sea.  J  ast  before  reaching  the  bedded 
ash,  other  portions  of  the  lava-flow  may  be  seen  overlying  the  ash, 
and  exhibiting  a  very  vesicular  structure  in  bands.  Nearer  to  Pool- 
vash  the  ash  is  inter  stratified  with  limestone,  both  the  grey  and  the 
black  Posidonian  band,  so  that  there  can  be  no  doubt  but  that  the 
eruption  partook  of  a  submarine  character. 

A  second  mass  of  vesicular  basalt,  with  breociated  portions,  occurs 
just  W.  of  Scarlet  Point ;  it  does  not,  however,  seem  to  extend  as  a 
dyke,  and  its  southern  margin  is  hidden  by  the  shore-line. 

The  order  of  events  would  seem  to  have  been  this :  During  the 
deposition  of  the  grey  limestone  and  the  bands  of  black  calcareous 
mud,  a  vent  was  opened  out  through  the  bed  of  the  sea— probably 
but  shallow — from  which  many  large  blocks  were  ejected,  the  most 
of  them  falling  back  into  the  rent,  while  the  smaller  material  fell  at 
a  little  distance  from  the  centre  of  eruption,  and  became  roughly 
stratified  and  partly  mixed  up  with  the  calcareous  deposits.  Then 
lava  welled  up  from  the  vent  (about  Scarlet  Point),  forced  its  way 
through  a  fissure  extending  some  distance  westwards,  cutting  through 
the  previously-deposited  ash,  and  finally  flowing  over  the  ash  in  the 
form  of  a  vesicular  lava-stream,  only  small  patches  of  which  are  now 
visible. 

The  limestone  immediately  north-east  of  Scarlet  Point  is  much 
altered,  and  near  the  junction  with  the  basalt,  as  Mr.  Gumming  has 
observed,  it  is  not  always  easy  to  distinguish  between  the  two  rocks. 
Some  small  dykes  or  threads  of  basalt  among  the  limestone  bands 
are  very  interesting  in  their  course  and  behaviour.  Between  the 
Stack  and  the  lime-kilns  the  limestone  is  also  finely  arched  in  places, 
and  I  was  interested  to  observe  the  minute  cracks  extending  along 
the  summit  of  one  arch,  for  the  most  part  filled  with  carbonate  of 
lime.     The  same  fine  curving  in  the  thick  limestone  beds  may  be 
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seen  along  the  shore  north  of  Derhy  Haven;  Mr.  Cumming  con- 
nects these  curves  with  the  intrusion  of  igneous  rocks  beneath,  and 
not  with  general  movements  of  the  whole  series  of  deposits,  as  I 
should  be  more  inclined  to  do.  The  two — igneous  intrusion  and 
general  contortion — may  well,  however,  be  intimately  connected. 

With  regard  to  the  former  greater  extension  of  the  Carboniferous 
rocks,  it  is  difficult  to  say  much.  That  they  once  extended  well  over 
the  lower  south-eastern  portion  of  the  island  there  can  be  but  little 
doubt,  and  there  is  every  reason  to  believe  that  the  red  sandstones 
of  the  shore-line  north  of  Peel  dip  beneath  limestone  occurring  a 
short  way  out  to  sea,  but  it  would  be  rash  to  assert  that  all  the 
older  rocks  were  once  covered  by  beds  of  Carboniferous  age,  and,  as 
seems  very  probable  in  the  Lake  District  area,  a  ridge  of  Silurian 
rocks  may  have  stood  well  up  above  the  sea  during  the  whole  of  the 
Carboniferous  period,  and  around  this  early  form  of  the  Isle  of  Man 
the  conglomerates  were  piled  up  and  the  limestone  beds  formed. 

Post' Carboniferous. — The  island  contains  no  records,  not  even  of 
the  most  fragmentary  description,  of  any  of  the  geological  periods 
from  the  Carboniferous  to  the  Glacial  epoch.  As  in  the  Lake 
Country  area,  so  here,  during  this  long  period  of  time,  denudation 
was  probably  at  work,  in  all  its  various  forms,  carving  out  the 
island  from  the  Old  Silurian  nucleus  and  Carboniferous  framework. 
At  some  period  after  the  close  of  the  Carboniferous,  elevation  and 
faulting  must  have  occurred,  by  which  the  present  relative  positions 
of  Carboniferous  and  Silurian  rocks  were  attained,  but  it  is  impos- 
sible to  say  certainly  when  this  happened  or  whether  it  may  not 
have  occurred  more  than  once.  Analogy  with  the  neighbouring 
Lake  District  area  would  suggest  that  these  movements  mainly  took 
place  soon  after  the  close  of  the  Carboniferous  Period  or  in  early 
Mesozoic  times. 

There  is  every  reason  to  believe  that  the  island  had  much  of  its 
present  form  at  the  commencement  of  the  Glacial  Period,  as  was  the 
case  with  the  land  in  Cumbria,  nor  was  that  form  much  modified 
during  glacial  times. 

Tlie  glacial  deposits  also  do  not  differ  from  those  of  Cumbria. 
There  is  the  usual  stiff  clay  with  stones,  of  probable  ice-sheet  origin, 
and  stratified  sands  and  gravels  of  generally  more  modem  date  than 
the  clay.  These  sandy  deposits,  especially  developed  at  the  north 
end  of  the  island,  have  yielded  many  remains  of  shells,  and  are, 
imdoubtedly,  for  the  most  part  marine  in  origin.  A  few  miles  south 
of  Point  of  Ayre  these  sandy  beds  are  contorted  and  even  inverted, 
possibly  by  the  grounding  of  icebergs.  Moreover,  the  glacial  drift 
runs  up  into  the  interior  of  the  island  in  the  form  of  gently  sloping 
plateaux,  such  plateau-form  being,  as  I  believe,  the  indication  of 
marine  action  upon  the  first  formed  Glacial  Till. 

I  noticed  no  definite  moraines,  nor  are  glaciated  rock-surfaces  at 
all  abundant,  the  Skiddaw  Slate  generally  not  being  a  good  preserver 
of  glacial  markings.  The  best  example  of  such  that  I  met  with  was 
just  above  Port  Groudale,  on  the  north  side  of  Banks  How,  where 
the  direction  of  the  scratches  was  nearly  north  and  south.     Other 
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good  cases  of  more  or  less  east  and  west  striation  occur  in  the  lime- 
stone, where  exposed  upon  the  shore,  just  south  of  both  Castletown 
and  Port  St.  Mary.  I  cannot,  however,  think  that  these  last  could 
have  been  produced  by  land-ice,  but  more  probably  they  are 
doe  to  current-floated  ice,  when  the  land  was  submerged  slightly 
beneath  its  present  leveL 

There  is  also  a  great  absence  of  boulders  on  the  mountain-sides ; 
and  no  cases,  as  far  as  I  could  see,  of  large /oret^n  boulders  upon  the 
mountain-slopes,  and  away  from  the  boulder-deposits  of  low  levels. 
Boulders  of  local  greenstone  and  granite  do,  however,  occur  in  this 
way,  and  sometimes  in  very  anomalous  positions,  such  as  the  granite 
blocks  on  the  west  side  of  South  Barrule,  the  granite  itself  being  on 
the  east  side,  at  a  much  lower  level.  Upon  the  east  coast,  especially 
at  Port  Groudale,  well-rounded  specimens  may  be  gathered  from  the 
little  beeich  of  nearly  all  the  igneous  and  granitic  rocks  common  in 
the  western  and  north-western  portion  of  the  Cumbrian  mountain 
area,  mixed  doubtless  with  specimens  from  Scotland. 

Altogether,  I  should  be  inclined  to  say — from  a  limited  acquaint- 
ance with  the  island  and  its  Drift  phenomena — that  the  marks  of  an 
old  land-glaciation  were  few  as  compared  with  those  left  by  marine 
conditions  acting  during  this  period.  Of  local  glaciers  I  could  find 
little  or  no  evidence,  though  on  a  more  thorough  survey  some  may 
perhaps  be  found.  It  is  more  than  probable  that  the  ice-sheets  from 
iScotland  and  Cumbria,  or  from  the  former  alone,  swept  over  this 
island,  glaciating  it  from  north  to  south,  and  leaving  behind  much 
unstratified  till.  Then  came  a  period  of  submergence,  when  old 
glacial  deposits  were  modified,  and  floating-ice,  during  at  least  part 
of  the  period,  transported  boulders  from  Cumbria,  and  locally  to  and 
fro  between  different  parts  of  the  island,  the  shore-line  being  often- 
times well  glaciated  in  the  process. 

At  one  time  the  island,  as  it  now  stands,  must  have  been  repre- 
sented by  a  chain  of  islands  separated  from  one  another,  much  as  the 
Calf  is  now  parted  from  the  mainland,  with  strong  tidal  currents 
setting  through  the  straits.  Thus  the  Spanish  Head  promontory 
must  have  been  parted  from  the  Bradda  Head  island,  and  this  again 
from  the  larger  tract  of  hilly  country  between  Fleshwick  Bay  and 
Slieau  Whallian,  forming  the  South  Barrule  island ;  while  the  strait 
running  between  Douglas  and  Peel  must  have  separated  the  southern 
islands  from  the  large  northern  one  comprehending  all  the  northern 
part  except  the  low  and  exclusively  drift-covered  extremity. 

The  question  next  arises,  To  what  extent  was  the  island  sub- 
merged ?  In  my  Papers  and  Memoirs  upon  the  Geology  of  the  Lake 
District  I  have  given  reasons  for  thinking  that  that  area  was  sub- 
merged to  the  extent  of  some  2,000  feet  or  more;  the  evidence  being 
mainly  derived  from  the  position  of  various  groups  of  boulders. 
Similar  evidence  in  the  Isle  of  Man  is  for  the  most  part  wanting,  so 
far  as  my  limited  researches  enable  me  to  judge,  though  the  presence 
of  granite  boulders  upon  the  western  slopes  of  S.  Barrule,  up  to  a 
height  of  nearly  1,500  feet,  points  rather  in  the  same  direction ;  for 
it  is  not  easy  to  understand  how  an  ice-sheet  coming  from  the  north 
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could  carry  boulders  in  a  W.S.W.  direction  to  the  other  side  of  a 
mountain  some  700  feet  higher  than  the  ground  from  which  the 
granite  blocks  could  be  derived.  On  the  other  hand,  if  the  island 
were  gradually  submerged  to  the  depth  of  1,500  feet  or  more,  shore- 
ico  might  by  degrees  raise  the  blocks  of  granite,  and  they  would  be 
carried  in  the  end  to  positions  into  which  they  could  not  possibly 
have  been  brought  by  an  ice-sheet  moving  from  the  north. 

But  there  is  yet  another  fact  pointing  to  a  great  submergence. 
There  are  no  Alpine  plants  upon  the  mountains  of  the  Isle  of  Man, 
no  trace — according  to  the  late  Edward  Forbes  (quoted  by  Gumming 
in  an  appendix  to  his  volume) — of  that  Alpine  Flora  which  has 
representatives  upon  the  English  and  Welsh  mountain-summits,  and 
which  remains  as  a  testimony  to  the  geologically  recent  Arctic 
climate  of  our  latitudes.  Now  this  receives  a  full  explanation  if  we 
can  find  reason  to  believe  that  the  highest  land  upon  the  island  was 
completely  submerged  after  the  period  of  maximum  glaciation.  If 
there  was  a  submergence  in  the  adjacent  Cumbria  to  the  extent  of 
2,000  feet,  it  is  certainly  not  impossible  that  the  area  of  the  Isle  of 
Man  experienced  a  submergence  to  the  same  amount  r  and  since 
Suae  Fell  is  only  2,034  feet  in  height,  this  would  mean  the  destruc- 
tion of  the  glacial  flora  altogether. 

•  It  may  be  difficult  to  believe  in  this  great  oscillation  of  level,  but  if 
the  evidence  is  strong  in  support  of  it,  mere  difficulty  of  belief  must 
not  stand  in  the  way  of  our  accepting  it.  It  is  certainly  not  more 
difficult  to  believe  dian  the  fact  that  Alpine  summits  12,000  feet 
high,  formed  of  marine  beds  of  Eocene  age,  must  have  been 
elevated  to  this  amount,  accompanied  by  contortion  and  meta- 
morphism  of  the  rocks,  since  the  close  of  that  period.  It  has 
always  seemed  to  me  that  the  nnwillingness  to  admit  this  great 
depression  and  re-elevation  in  such  recent  times,  on  the  part  of  some 
geologists,  arose  in  this  case  from  there  being  so  little  to  show  for  it, 
or,  in  other  words,  from  the  movement  having  necessarily  taken 
place  quickly  or  continuously,  and  for  the  most  part  unaccompanied 
by  great  disturbance.  But  surely  if  widespread  movements  of  the 
crust  are  possible  at  all — as  we  know  they  are — we  need  not  expect 
them  always  to  take  place  at  the  same  rate,  or  to  be  accompanied  by 
similar  results.  It  is  well  also  to  remember  the  strong  evidence 
brought  forward  of  late  to  show  that  great  submergence  took  place 
at  this  same  time  over  the  northern  part  of  N.  America  (see  especially 
the  papers  by  Mr.  G.  M.  Dawson). 

Physical  History  of  the  Isle  of  Man  and  CuifBRtA  contrasted. 

Contrasting  now  the  physical  history  of  the  Isle  of  Man  during 
past  periods  with  that  of  the  Lake  District,  we  find  that  the  earliest 
records  in  both  areas  are  of  the  same  age — that  of  the  Skiddaw 
Slate;  and  that  in  both  cases  the  deposits  indicate  a  generally 
shallow  sea  in  which  muddy  and  sandy  strata  were  laid  down, 
while  the  still  coarser  material  of  an  occasional  pebble-bank  points 
to  not  far  distant  continental  land. 
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While  this  state  of  things  was  interrupted  in  Cumbria  by  an 
outburst  of  volcanic  yiolenoe,  sub-marine  eruptions  passing  into 
sub-aerial,  we  have  no  direct  evidence  to  show  that  such  was  the 
case  over  the  present  area  of  the  Isle  of  Man,  though  it  is  probable 
that  some  of  the  finer  volcanic  ash  was,  at  any  rate,  occasionally 
wafted  for  many  miles  westwards.  That  this  area,  in  common  with 
that  of  Cumbria,  underwent  elevation,  accompanied  by  denudation, 
in  post-Silurian  and  pre-Carboniferous  times,  is  at  any  rate  probable, 
and,  as  in  Cumbria  also,  the  early  formed  Carboniferous  strata  were 
deposited  around  a  Silurian  nucleus,  the  embryo  Isle  of  Man.  At 
this  time,  off  the  shores  of  that  early  Mona,  submarine  volcanic 
eruptions  recurred,  synchronous  or  approximately  so  with  other 
like  eruptions  occurring  farther  northward  over  the  present  area  of 
Scotland.  There  is  no  evidence  of  any  such  action  taking  place 
around  the  shores  of  the  Cumbrian  nucleus,  although  there  are, 
south  of  Ullswater,  masses  of  basalt  which  have  broken  into  the 
Basement  Conglomerate,  and  which  may  represent — as  may  also  the 
Shap  granite — abortive  attempts  of  the  Volcanic  fires  towards  eating 
their  way  to  the  surface.  Then  in  both  areas  we  find  the  long 
unrepresented  periods  from  Carboniferous  to  Glacial  times,  during 
which,  after  elevation  at  the  close  of  or  soon  after  the  Carboniferous 
period,  the  mountain  district  of  Cumbria  and  Mona's  Isle  were 
respectively  fretted  by  the  denuding  forces  into  their  present  form 
of  hill  and  dale,  under  climates  varying  from  semi-tropic  warmth 
to  glacial  cold.  As  the  cold  of  our  last  Glacial  period,  so  called, 
reached  its  maximum,  both  districts  were  shrouded  in  ice-sheets, 
that  of  Cumbria  self-born,  that  of  Mona  bearing  down  upon  it  most 
likely  from  a  distance.  Tlien  followed  a  milder  time  and  a  sub- 
mergence to  such  an  extent  that  in  all  probability  Cumbria  was 
represented  by  but  a  group  of  islands  and  Mona  disappeared  entirely 
beneath  the  waves.  As  the  land  in  both  areas  once  more  appeared, 
glacial  conditions  returned  to  a  considerable  extent,  and  floating-ice 
laden  with  stones  and  boulders  played  its  part  in  the  cold  drama, 
small  bergs  and  floes  being  wafted  first  in  one  direction,  then  in 
another,  as  the  currents  changed  with  the  varying  amonntH  of 
elevated  land.  At  length  both  the  hilly  areas  of  Cumbria  and  Mona 
stood  up  once  more  as  of  old,  surrounded  by  a  framework  of  low- 
lying  land  connecting  the  two  districts,  and  allowin*^  of  the 
migration  of  fauna  and  flora  from  what  by  slight  depression  soon 
became  the  mainland,  to  the  future  independent  Island  of  Man. 
Thus  Mona  is  like  a  cast-off  bud  from  Cumbria's  group  of  rocky 
mountains. 

EXPLANATION  OF  PLATE  I. 

Pio.  1.  Sketch -Map  of  the  Isle  of  Man. 
„    2.  Sketch-plan  of  Volcanic  Rocks  at,  and  west  of  Scarlet  Point. 
„    3.  Conglomerate  resting   unconfonnablv  upon   Skiddaw   Slate,  and  the   two 
faulted  against  one  another.     West  side  of  Langness.     The  slate  has 
been  worn  away  leaving  a  natural  arch  of  conglomerate. 
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Bj  the  Ber.  £.  Hill,  VLJl.,  F.G.S.  ; 
Fellow  and  Tutor  of  St  John's  Ck>llege,  Cambridge. 

DB.  GROLL'S  ''  Climate  and  Time"  is  perhaps  the  most  important 
geological  work  that  has  appeared  in  recent  years,  certainly 
the  most  valuable  and  original  that  refers  to  Olaeial  G^logy.  It 
teems  with  novel  and  instructive  ideas.  The  part  which  is  best 
known  and  has  chiefly  contributed  to  its  celebrity  is  the  theory, 
propounded  and  maintained  in  the  first  four  chapters,  of  the  causes 
of  the  Glacial  Epoch.  Though  the  theory  met  with  much  opposi- 
tion at  first,  it  seems  now  to  be  gradually  gaining  belief.  Not  only 
are  Dr.  OroU's  views  accepted  by  geologists,  but  his  arguments  are 
quoted  in  text-books.  Now,  when  Science  is  used  as  a  means  of 
education,  it  is  of  high  importance  that  the  reasoning  placed  before 
the  student  should  be  sound.  I  propose  in  this  article  to  examine 
Dr.  Croirs  description  of  the  manner  in  which,  according  to  his  views, 
Glacial  Periods  have  been  brought  about,  to  discuss  the  soundness 
of  his  reasoning,  and  to  investigate  the  actions  of  the  causes  which 
he  suggests.  Some  of  the  remarks  here  made  are  probably  origin- 
ally derived  from  an  able  article  by  Mr.  S.  V.  Wood,  jun.,  in  the 
Geol.  Mag.  for  1876.  The  suggestion  at  the  end  of  the  paper  is 
due  to  Mr.  W.  M.  Hicks,  M.A.,  Fellow  of  St  John's  College. 

Dr.  CroU's  theory,  as  developed  in  Chapter  IV.  of  "  Climate  and 
Time,"  is,  that  a  Glacial  Period  was  a  period  during  which  the 
(eccentricity  of  the  earth's  orbit  was  near  its  highest  value,  and  the 
position  of  the  Earth's  axis  such  that  the  Pole  of  the  hemisphere 
under  consideration  was  leaning  away  from  the  sun,  and  in  darkness 
at  the  time  of  the  year  when  the  earth  and  sun  were  at  their  greatest 
distance  apart.  In  astronomical  language,  it  happened  when,  during 
a  period  of  maximum  eccentricity,  winter  and  summer  coincided  with 
aphelion  and  perihelion  respectively.  In  support  of  this  theory  he 
reasons  as  follows.  When  the  eccentricity  is  larger,  the  winter  will 
be  longer  than  it  is  at  present,  and,  owing  to  the  sun's  greater  dis- 
tance, also  colder.  Thus,  at  the  commencement  of  the  short  summer 
the  ground  will  be  covered  with  snow  and  ice  to  an  extent  beyond 
what  we  at  present  experience.  The  summer's  heat  will  be  unable 
wholly  to  melt  this ;  the  quantity  at  the  beginning  of  the  next  sum- 
mer will  be  even  greater  than  before,  and  the  snow  or  ice  will 
continue  to  accumiUate  year  by  year,  so  that  with  sufficient  time 
any  quantity  whatever  may  be  reached.  The  summer  heat  will  be 
unable  to  melt  the  winter's  snow,  he  says, — First,  by  reason  of  the 
lowered  temperature,  lowered  "  by  means  of  direct  radiation  "  (that 
is,  so  far  as  I  can  understand,  the  masses  of  snow  chill  the  air, 
and  so  render  it  incapable  of  melting  them).  Second,  by  reason 
of  the  reflective  power  of  snow  and  ice.  Third,  owing  to  the  tliick 
fogs  which  are  generated  by  the  chilly  masses,  and  shield  them 
from  the  sun.  Fourthly,  by  the  deflection  of  ocean  currents  which 
would  result  from  intenser  trade-winds  brought  about  by  the 
intenser  cold  which  would  invade  the  pole  of  the  hemisphere 
considered. 
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Before  discussing  these  arguments  in  detail,  it  will  be  well  to 
clear  oar  minds  from  a  misconception.  Dr.  CroU  ascribes  much 
importance  to  the  greater  length  of  the  winter  in  ])eriods  when  the 
eccentricity  is  large.  This  length,  when  the  eccentricity  had  reached 
its  highest  value,  might  exceed  its  present  limits  by  as  much  as 
forty-four  days.  Forty -four  days  more  winter  sounds  enormous  at 
first.  Six  weeks  more  of  the  severest  cold,  six  weeks  more  skating 
and  snow,  would  indeed  be  a  change  in  climate.  But  this  will  not 
be  the  change  in  any  temperate  region.  Dr.  CroU  is  using  the 
technical  astronomical  definition  of  winter,  the  time  between  the 
antumn  and  the  spring  equinoxes,  the  period  during  which  the  day 
is  less  than  12  hours  long.  This  period  would,  no  doubt,  be 
lengthened  by  forty -four  days.  But  practically  in  England  there 
are  hardly  more  than  two  months  in  which  snow  can  resist  the  sun. 
We  seldom  get  skating  except  in  December  or  January.  Six  weeks 
additional  to  half  the  year  gives  a  fortnight  additional  to  two  months. 
If  two  months  be  a  fair  measure  of  the  magnitude  of  our  present 
winter,  the  increase  during  maximum  eccentricity  would  be  a  fort- 
night, which  is  somewhat  less  alarming.  Further,  not  only  practi- 
cally, but  theoretically,  this  technical  definition  of  winter  is  a  bad  one. 
The  only  important  period  which  it  represents  is  the  period  of  day- 
light at  the  Pole.  If  we  want  to  divide  the  year  into  a  cold  half 
and  a  warm  half,  the  equinoxes  are  not  the  proper  points  of  division. 
For  they  do  not  divide  the  j'ear  into  halves  of  equal  length,  and  the 
amount  of  beat  received  in  them  is  neither  a  mean  nor  a  fixed 
amount  Although  their,  lengths  are  the  same,  all  years  alike,  no 
matter  what  be  eccentricity  or  obliquity,  the  amount  of  heat  received 
during  them  is  not  the  same,  for  the  distance  of  the  sun  differs  with 
differing  eccentricities.  The  most  natural  way  of  fixing  the  division 
for  any  place  would  be  to  calculate  the  mean  amount  of  heat  received 
per  day  on  the  average  of  the  whole  year.  Then  let  all  the  days 
during  which  the  heat  received  from  the  sun  exceeded  this  average 
diurnal  amount  be  called  Summer,  and  the  period  during  which  the 
daily  heat  fell  short  of  this  average  be  Winter.  This  would  give 
a  length  for  Summer,  subject  to  variation  by  change  of  eccentricity, 
to  an  extent  greatest  at  the  pole,  diminishing  towards  the  equator, 
and  thus  would  more  nearly  represent  the  true  state  of  the  case. 

There  is  not  much  importance  in  this  difference  of  definition. 
Indeed,  in  dealing  with  our  subject  it  is  better  to  use  neither.  The 
simplest  and  clearest  division  is  that  into  halves  of  equal  length. 
Dr.  CroU  divides  his  year  into  two  parts,  in  which  the  amounts  of 
beat  received  are  equal,  but  the  times  unequal.  We  shall  find  it 
more  useful  to  take  two  equal  times  in  which  the  amounts  of  heat 
received  will  be  different.  The  six  months  nearest  to  the  Winter 
Solstice  we  will  call  Winter,  and  those  nearest  to  the  Summer 
Solstice,  Summer.  Our  summer  will  be,  roughly,  from  April  to 
September ;  our  winter,  October  to  March.  All  the  hottest  days  will 
be  in  one  half,  all  the  coldest  in  the  other.  The  line  between  sum- 
mer and  winter  is  then  so  drawn  as  to  divide  the  heat  received  most 
unequally.     We  will  neglect  for  the  present  (as  Dr.  Crqll  does)  the 
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email  difference  made  by  change  of  eccentricity  in  the  whole  amount 
of  heat  annually  received  from  the  sun,  and  consider  that  total  un- 
alterable. If  the  eccentricity  increase,  the  earth  draws  nearer  the 
sun  in  the  one  half  the  year,  is  further  from  him  in  the  other  half. 
If  midsummer  coincide  with  perihelion,  the  increase  wUl  cause  more 
heat  to  be  received  by  the  hemisphere  in  the  summer  half  of  the 
year,  and  less  heat  in  the  winter  half.  But  since  the  total  remains 
the  same,  the  excess  in  one  half  is  equal  to  the  defect  in  the  other. 
The  amount  of  heat  received  in  the  year  is  unaltered ;  it  is  only 
differently  distributed.  Dr.  CroU's  theorem,  therefore,  may  be  stated 
thus, — A  Glacial  period  may  be  produced  by  a  different  distribution 
of  the  fixed  amount  of  heat  received  annually,  and  the  most  favour- 
able distribution  is  that  by  which  as  much  as  possible  is  concentrated 
into  one-half  the  year. 

We  will  proceed  to  examine  this  theorem,  and  the  arguments 
which  are  adduced  as  a  demonstration.  We  must  bear  in  mind  that 
the  Glacial  period  to  be  accounted  for  is  not  simply  a  cold  winter, 
or  a  succession  of  such,  but  a  period  during  which  ice  and  snow 
accumulated  to  a  vast  mass,  permanently  covering  our  country  during 
summer  as  well  as  winter :  a  time  when  a  glacier  1000  feet  thick 
lay  in  the  pass  of  Llanberis,  and  the  ice-sheet  from  Scandinavia 
(according  to  Dr.  CroU)  ground  down  the  Orkneys  and  the  Hebrides. 
Every  one  admits  that  these  vast  amounts  could  only  arise  by  suc- 
cessive increase  during  long  periods  of  years.  Dr.  Croirs  explana- 
tion is  that,  during  periods  of  high  eccentricity,  such  quantities  of 
enow  and  ice  will  be  formed  in  the  long  severe  winter,  as  the  short 
summer  will  be  unable  to  melt.  1  always  feel  bewildered  at  his 
beginning  with  the  winter.  Has  not  summer  as  much  right  to  be 
considered  ?  Why  not  say  that  in  the  intense  heat  of  summer  more 
polar  ice  will  be  melted  than  now  ?  We  might  exactly  reverse  his 
argument.  Yes,  says  Dr.  Croll,  but  the  winter  is  longer.  But  I 
must  rejoin,  what  have  short  and  long  to  do  with  the  question? 
The  quantities  of  heat  are  unaltered,  he  admits.  Quantities  of  heat, 
not  lengths  of  time,  are  what  we  ought  to  look  at  To  melt  a  mass 
of  ice,  a  definite  quantity  of  heat  must  be  supplied ;  to  form  the 
same  mass,  an  equal  quantity  must  be  subtracted.  The  amount  of 
heat  received  annually  will  not  be  less  than  at  present ;  no  reason 
is  given  why  the  amount  given  off  should  increase.  If  snow  is  to 
begin  to  accumulate,  more  must  be  formed  than  is  melted  ;  then 
either  more  heat  must  be  lost  annually,  or  else  less  received  than  is 
now  the  case.  But  how  will  increased  eccentricity  be  able  to  bring 
about  either  of  these  effects  ? 

The  matter  will  be  made  more  clear  by  dividing  the  year  into  two 
equal  halves,  as  I  described  above.  We  have  no  reason  to  suppose 
that  at  present  in  the  I^orthern  Hemisphere  more  snow  or  ice  is  any- 
where formed  in  winter  than  is  melted  in  the  summer.  With 
greater  eccentricity  less  heat  than  now  would  be  received  in  winter, 
but  exactly  as  much  more  in  summer.  More  snow  would  therefore 
be  formed  in  the  one  half  of  the  year,  but  exactly  as  much  more  be 
melted  in  the  other  half.     The  colder  winter  and  the  warmer 
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sammer  would  exactly  neutralize  each  other's  effects,  and,  on  the 
average  of  years,  no  accumulation  could  begin.  Primd  facie  there- 
fore high  eccentricity  will  not  account  for  Glacial  periods. 

Dr.  CroU  does  not  deny  that  this  is  primd  facte  true,  but  he 
alleges  that  secondary  actions  will  prevent  the  summer  from  thus 
neutralizing  the  winter.  Here  come  in  the  four  causes  which  we 
have  already  quoted  as  the  bases  of  his  theory.  It  may  be  thought 
that  what  has  been  said  renders  consideration  needless.  Since  to 
set  them  at  work,  an  accumulation  of  snow  must  have  commenced, 
and  since  so  long  as  no  accumulation  pan  begin  they  cannot  operate, 
at  least  to  any  greater  degree  than  at  present,  it  should  follow  that 
any  discussion  of  their  operation  is  superfluous.  This  appears  to  be 
Mr.  S.  V.  Wood's  view,  when  he  objects  to  the  reasoning  as  a 
reasoning  in  a  circle.  But  the  objection  is  not  altogether  well 
founded.  I  think  it  can  hardly  be  doubted,  that  though  the  summer 
would  melt  more  ice  than  is  now  melted,  the  winter  would  form 
more  than  is  now  formed.  At  midsummer  there  might  be  less 
than  there  now  is,  but  at  midwinter  more.  We  have  as  yet  no 
primd  fade  restson  for  yearly  increasing  accumulation,  but  we  have 
primd  facte  reason  to  think  that  the  extreme  cold  of  winter  would  pro- 
duce quantities  of  snow  in  excess  of  what  we  now  experience,  even 
after  allowing  for  the  quantities  melted  by  the  extreme  heat  of  the 
previous  summer.  And  this  greater  extension  of  midwinter  snow  is 
exactly  what  Dr.  CroU  requires  for  his  causes.  It  is  the  force  neces- 
sary to  set  his  machinery  in  motion.  The  question  now  is,  will  the 
machinery  work  ? 

The  First  alleged  reason  is  the  cold  produced  by  masses  of  ice  and 
snow.  If  this  means  that  the  snow  will  not  be  melted  easily, 
because  it  cools  the  air,  there  is  a  self-contradiction.  Snow  can 
only  cool  the  air  by  abstracting  heat  from  it,  and  if  snow  takes  up 
beat,  the  heat  is  spent  in  melting  it  As  for  what  is  said  about  cold 
rendering  air  diathermanous,  so  much  the  better  for  the  melting. 
If  the  sun's  rays  can  readily  pass  through  the  air,  they  will  the 
more  readily  reach  the  snow  which  they  have  to  melt.  These  para- 
graphs are  not  worthy  of  the  book. 

The  Second  cause  alleged  is  that  snow  crystals  tend  to  reflect  the 
beat  which  ought  to  spend  itself  in  melting  them.  This  is  perfectly 
true,  an  entirely  valid  argument,  a  real  cause  acting  in  the  required 
direction.  The  matter  is  not  altogether  obvious.  Suppose  that  at 
present  over  a  given  region  snow  is  formed  in  one  half  the  year  and 
just  entirely  melted  in  the  other  half.  Then,  if  owing  to  some 
change  of  circumstances  twice  as  much  snow  is  formed  in  the  first 
half,  but  twice  as  much  heat  received  in  the  second,  then  the  snow 
would  be  entirely  melted  as  before,  and  no  accumulation  would 
begin.  But  the  case  we  are  dealing  with  is  different.  At  present, 
a  certain  amount  of  heat  is  lost  during  the  year,  but  just  as  much 
received.  Part  of  that  lost  is  radiated  off  into  space  by  water  or 
vapour  fi-eezing  into  ice  and  snow.  An  equal  part  of  that  received 
is  used  up  in  melting  this  snow,  and  a  certain  additional  quantity, 
a  fixed  fraction  of  the  above,  is  wasted  by  reflexion  from  the  snow 
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tee.  Now,  suppose  that  by  some  change  in  the  distribution  of 
t-supply,  less  beat  is  received  in  the  cold  season.  Then  more 
leat  lost  is  radiated  off  in  the  formation  of  more  snow.  As 
lore  heat  is  received  during  the  warm  season,  just  sufficient 
.  the  additional  snow  if  wholly  effective  for  that  purpose, 
ce  there  is  now  more  snow  than  before,  more  heat  is  reflected 
md  therefore  less  than  the  whole  of  tlie  additional  heat  of 
imer  is  available  for  melting.  Thus  less  than  the  whole  of 
w  formed  in  the  winter  will  be  melted  in  the  summer,  or,  at 
its,  less  heat  will  remain  available  to  warm  the  earth  in  the 
eason,  and  accumulation  of  snow  or  of  cold  will  begin, 
while  this  cause  alleged  by  Dr.  CroU  is  theoretically  correct, 
ractical  amount  of  effect  it  may  have  is  quite  unknown.     I 

acquainted  with  any  researches  into  the  proportions  of  heat 
i  and  absorbed  by  ice  and  snow.  Experiments  are  much  to 
red.  The  rapidity  with  which  dark  objects  sink  into  snow, 
all  stones  into  glacier-ice,  shows  that  ice  and  snow  must  reflect 
leat.  On  the  other  hand,  snow  and  ice,  like  other  good 
rs,  are  bad  radiators.  They  will  not  cool  so  fast  and  far — 
ill  not  radiate  away  so  much  heat — as  the  ground  would  if 
e.  Snow  again  is  known  to  be  a  good  non-conductor  of  heat : 
mg  com  has  been  saved  by  it  from  many  a  frost,  and  the 
laux  in  their  snow-hut  may  perspire  with  warmth.  The 
of  snow  thus  t«nds  to  diminish  the  winter's  loss  of  heat  in  a 

precisely  answering  to  the  way  in  which  it  diminishes  the 
r's  effect  in  melting.  The  actions  of  non-conduction  and  bad 
•n  are  precisely  contrary  to  that  of  reflexion,  and  for  anything 
w  to  the  contrary  may  precisely  balance  it 
t  stress  is  laid  by  Dr.  CroU  on  the  Third  cause,  the  effect  pro- 
)y  clouds  and  fogs  in  lowering  temperature.  I  cannot  think 
.ve  any  effect  of  the  kind.  Mr.  S.  V.  Wood's  objection,  that 
i  give  out  in  condensation  as  much  heat  as  they  absorbed  in 
on,  seems  to  me  to  be  fatal.  Dr.  Croll  brings  forward  a  mass 
monj''  which  proves  that  many  cold  and  icy  regions  are 
to  tliick  fogs.  But  it  proves  no  more.  None  of  the  evidence 
svhether  the  fogs  produce  the  cold,  or  the  cold  gives  rise  to 
}.  The  latter  is  as  possible.  We  do  not  attribute  the  cold  of 
in  summits  to  the  clouds  which  so  often  settle  on  the  peaks, 
consider  the  effect  on  temperature  of  the  formation  and  dissi- 
of  a  cloud  or  a  fog.  We  know  that  not  only  is  heat  being 
tly  poured  on  to  the  earth ;  it  is  also  constantly  streaming  off 
into  space.  We  suppose  that  at  present  the  mean  annual 
iture  of  places  is  not  on  the  whole  changing.  Therefore,  on 
rage  of  years  the  total  annual  receipt  of  heat  must  balance 
1  annual  loss.  Expenditure  must  equal  income  if  there  be 
debt  nor  saving.  Suppose,  then,  winter  ended,  spring  begin- 
id  the  sun  pouring  heat  upon  the  earth.  The  heat  converts 
id  ice  into  water,  water  into  vapour,  but  this  is  chilled  by 
^hbouring  sno\Y  into  mist  and  fog,  which  intercept  the  sun's 
)6ams,  retarding  their  effect  on  the  frozen  mass.  •  This  is  Dr. 
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CroU^s  picture.  But  there  is  a  cy  mpanion  to  it,  which  he  seems  not 
to  have  looked  at.  Suppose  w?  ater  coming  on.  The  sun  is  sending 
httle  heat.  The  earth  is  steadily  radiating  heat  away.  Its  tempera- 
ture falls.  The  vapour  in  the  air  is  condensed  into  fog,  and  tlie  fog 
checks  radiation  from  the  earth,  causing  it  to  cool  more  slowly. 
Every  gardener  in  fear  for  his  plants,  every  skater  longing  for  a  frost, 
knows  that  severe  cold  and  a  cloudy  sky  are  almost  incompatible. 
Fogs  retain  at  least  as  much  heat  as  they  exclude. 

If  then  clouds  and  mists  and  fogs  are  as  capable  of  checking  heat 
radiated  from  the  ground  as  of  intercepting  heat  received  from  the 
8un,  and  if  the  amount  received  from  the  sun  does  not  exceed  that 
radiated  from  the  ground^  it  is  impossible  that  clouds  or  fogs  can 
tend  to  lower  the  mean  annual  temperature.  It  may,  perhaps,  be 
thought  that  a  stratum  of  clouds  high  above  the  ground  will  receive, 
absorb,  and  retain  the  heat  coming  both  from  earth  and  sun.  True, 
but  if  they  receive  heat  and  are  warmed,  they  can  and  will  radiate 
heat  off,  both  outwards  and  inwards.  Only  part  of  the  earth-radia- 
tion intercepted  is  restored  to  the  earth,  but  part  of  the  sun-heat 
intercepted  is  peussed  on  to  the  ground.  However,  when  heat  is  in- 
tercepted by  mist,  its  main  effect  is  to  convert  the  mist  into  trans- 
parent vapour,  giving  freer  passage  to  radiations.  In  the  formation 
of  the  cloud,  heat  is  given  off  from  the  vapour ;  in  its  reconversion 
into  vapour  the  same  amount  must  be  absorbed.  Clouds  and  fogs 
cannot  do  the  work  which  Dr.  CroU  requires  of  them.  If  high 
eccentricity  is  to  produce  a  Glacial  epoch,  they  will  lend  it  no  aid. 

One  action,  however,  they  have  ;  an  important  one ;  to  which  Dr. 
Croll  appeals  elsewhere  (cf.  pp.  36,  38,  90  [4]),  though  here  he 
seems  to  neglect  it.  The  heat  received  from  the  sun,  and  that  radiated 
from  the  earth,  though  equal  in  quantity,  are  not  identical  in  quality. 
The  former  has  greater  power  of  penetration.  More  of  it  will  pass 
through  an  interposing  medium.  The  intense  sun  rays  will  pene- 
trate fogs  which  would  almost  wholly  stop  the  feeble  earth-heat. 
Fogs,  therefore,  do  not  diminish  income  and  expenditure  of  heat 
alike.  They  diminish  expenditure  more  than  income,  and  on  the 
whole  average  of  the  year  actually  must  tend  to  increase  the  tem- 
perature. 

The  Fourth,  the  only  remaining  cause,  is  the  one  on  which  Dr. 
Croll  appears  now  mainly  to  rely  (cf.  for  instance,  Geol.  Mag.  1878, 
p.  397 ;  1879,  p.  480).  Perhaps  the  most  fascinating  part  of  Dr. 
Croll's  whole  book  is  that  in  which  he  argues  that  Polar  accumula- 
tions of  ice  will  intensify  the  North-east  Trade-winds,  thereby  drive 
the  Equatorial  currents  further  to  the  south,  diminish  the  part  of 
them  which  as  the  Gulf  Stream  passes  into  the  Atlantic,  and  so  per- 
petuate and  intensify  the  previously  increased  Polar  cold.  Nothing 
more  original  and  remarkable  occurs  in  this  most  remarkable  and 
original  book.     But  will  the  action  take  place  ? 

Let  us  neglect  the  disputes  concerning  the  influence  of  the  Gulf 
Stream  on  climates,  and  the  dependence  of  currents  on  winds.  Let 
us  neglect  also  the  (important)  possibility  that  the  greater  speed 
which  the  current  would  possess  might  compensate  for  its  decreased 
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volume.  Let  ns  consider  the  whole  year's  cycle  of  action.  Suppose 
the  earth's  present  orbit  to  be  suddenly  changed  into  the  necessary 
shape  for  maximum  eccentricity  and  winter  in  aphelion.  During  the 
winter  half  of  the  year  there  would  be  far  more  cold  in  Northern 
regions  than  now,  and  a  greater  difference  between  the  temperatures 
of  Equator  a'nd  the  Pole.*  The  trade- winds  are  supposed  to  depend 
for  their  intensity  on  this  difference.  They  would  be  intensified  and 
act  as  Dr.  Groll  requires.  But  during  the  summer  half  of  the  year 
there  would  be  as  much  more  heat  in  Arctic  latitudes  than  now,  and 
a  less  difference  between  Equator  and  Pole.  The  trade- winds  would 
be  feebler  to  a  corresponding  degree.  The  Equatorial  current  would 
not  lie  so  far  south  as  it  does.  More  of  it  would  pass  into  the  Carri- 
bean  sea,  and  the  Oulf  Sti*eam  would  carry  more  heat  into  the 
Atlantic,  thus  ameliorating  the  climates  of  its  coasts.  Summer 
effects  and  winter  effects  precisely  balance,  and  equilibrium  is  undis- 
turbed. Nor  is  the  slightest  difference  made  if  any  part  of  the  cold 
be  locked  up  in  the  form  of  ice.  This  ice  in  melting  absorbs  heat 
and  lowers  or  retards  the  rise  of  temperature,  but  in  forming  it  parts 
with  exactly  the  same  amount,  and  correspondingly  raises  the  tem- 
perature of  the  air  or  retards  its  fall. 

We  may  put  the  argument  into  a  compacter  form.  No  matter  the 
way  in  whidi  heat  may  produce  air  currents,  equal  quantities  of  heat 
must  produce  equal  quantities  t)f  work,  and  therefore  equal  effects 
on  currents.  Change  of  eccentricity  does  not  (appreciably)  alter  the 
total  amounts  of  heat  received  at  any  place  during  a  whole  year, 
though  it  may  alter  the  distribution  through  the  year.  Thus  it 
cannot  alter  the  whole  effect  on  currents,  though  they  may  be  some- 
times accelerated,  sometimes  retarded. 

We  have  thus  gone  through  Dr.  Croll's  four  causes,  or  rather 
modes  of  action,  whereby  high  eccentricity  might,  as  he  maintains, 
produce  a  Glacial  Period.  The  first  is  non-existent  The  second 
may  possibly  have  an  effect.  The  third  at  best  cannot  work  at  all, 
and  almost  certainly  works  in  the  wrong  direction.  The  fourth 
might  work  if  set  going,  but  has  no  power  of  starting  itself.  It 
could,  perhaps,  be  put  in  motion  by  aid  of  the  second.  But  against 
this  must  be  set,  not  only  the  probability  of  a  counteraction  by 
augmented  velocity  and  the  opposite  effect  of  the  third,  but  also  the 
real  though  small  increase  of  total  annual  heat  received  during 
increase  of  eccentricity.  This  we  have  hitherto  neglected,  but  it 
exists,  and  must  have  its  effect,  which  must  be  to  diminish  perma- 
nent snow.  Dr.  Groll  dismisses  it  without  discussion  (not^,  p.  58), 
but,  unlike  the  others,  it  indisputably  acts. 

It  should  be  noticed  that  though  for  convenience  we  have  assumed 
that  at  the  present  epoch  the  Arctic  snow  cap  is  neither  increasing 
nor  decreasing,  yet  this  assumption  is  entirely  unnecessary.  The 
above  investigations  show  that,  whatever  be  the  present  state  of  the 
case,  change  in  eccentricity  has  not  been  proved  by  Dr.  CroU  to  have 
any  power  of  changing  that  state. 

1  Would  this  happen  ?  The  increased  distance  of  the  son  would  affect  Equator  as 
well  as  Pole. 
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Oar  Terdiot,  then,  on  Dr.  Croll*8  oelebrated  theoiy,  must  still  be 
"Not  Proven."  It  would  be  sad  indeed  to  send  to  the  waste-paper 
basket  those  splendid  tables  of  varying  eocentricities.  It  would  go 
to  the  heart  of  a  mathematician  to  dismiss  the  question  from  the 
dominion  of  mathematics,  and  to  abandon  hope  of  calculating  an  era 
for  a  chronology.  I  cannot  bring  myself  to  this.  I  think  that  Dr. 
Croll  has  attacked  the  problem  in  a  right  manner,  and  that  a  solution 
will  be  found  based  on  gain  and  loss  of  heat.  I  am  even  inclined  to 
believe  his  opinion  to  be  the  true  one,  and  that  variations  in  eccen- 
tricity did  bring  about  the  Glacial  Period.  Extremes  of  heat  and 
cold  would  tend  to  produce  atmospheric  disturbances,  and  these  seem 
practically  inimical  to  warmth.  Extremes  might  also  destroy  vege- 
tation and  so  afifect  climates  for  the  worse. 

There  is,  however,  another  mode  of  action,  which,  so  far  as  I  know, 
has  not  before  been  suggested.     The  earth  loses  the  heat  which  it 
receives  mainly  or  entirely  by  radiation ;  we  have  not  yet  considered 
the  laws  of  this  radiation.     The  amount  increases  as  the  temperature 
rises,  decreases  as  it  falls.     If  these  changes  were  proportional,  there 
would  be  nothing  to  need  consideration.     But  they  are  not  propor- 
tional.  The  amount  of  radiation  increases  faster  than  the  temperature. 
The  heat  sent  off  in  summer  is  more  than  in  proper  proportion  to 
that  sent  off  during  winter.     Suppose  a  uniform  supply  of  heat. 
Then  the  earth  would  reach  a  steady  temperature,  such  that  there 
would  be  a  uniform  emission  of  heat  equal  to  the  uniform  supply. 
Now,  change  this  uniform  supply  into  a  supply  so  fluctuating,  that 
the  total  annual  receipt  of  heat  is  unchanged.     The  temperature  will 
fluctuate,  and  consequently  the  emission  of  heat.     The  excess  above 
the  mean  of  the  heat  emitted  during  the  warm  part  of  the  year  will 
exceed  the  deficiency  below  the  mean  of  the  emission  during  the  cold 
part    The  storage  of  heat  during  the  summer  will  therefore  fall 
short  of  the  consumption  during  the  winter,  and  the  average  tempe- 
rature must  fall.     Or,  putting  the  action  in  a  different  aspect,  as 
the  supply  of  heat  to  a  body  is  increased,  the  temperature  increases 
ia  a  continually  diminishing  ratio.     Thus  any  increase  in  the  supply 
of  heat  would  not  increase  the  temperature  quite  so  much  as  an  equal 
decrease  in  the  supply  would  decrease  the  temperature.    Accordingly 
fluctuations   in   the  rate  of  supply,   even    when  not  affecting  the 
average  amount  supplied,  must  diminish  the  average  temperature. 
The  Equator  receives  its  heat  uniformly  compared  to  the  Poles,  which 
are  subjected  to  extreme  vicissitudes.     Hence  the  Equatorial  mean 
temperature  ought  to  exceed  that  of  the  Poles,  even  if  the  total 
amount  received  were  the  same  for  both.    And  in  the  same  way 
increase  of  eccentricity,  aggravating  the  extremes  of  temperature, 
roust  produce  a  diminution  in  the  mean.     What  will  be  the  extent 
of  the  diminution  is  a  problem  which  deserves  attention.     So  far  as 
I  have  yet  been  able  to  form  an  estimate,  it  is  appreciable,  but  not 
large. 

This,  then,  is  the  position  in  which  the  question  at  present  stands.* 
Increase  of  eccentricity  acts  in  the  direction  of  a  Glacial  period,  pro- 
bably through  increased  reflexion  of  heat  by  snow  and  ice,  almost 
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certainly  through  diminished  mean  temperature  resulting  from  in- 
crease of  extremes :  but  some  minor  causes  act  in  the  opposite  direc- 
tion, and  as  yet  nothing  is  known  of  quantitative  effects.  For  the 
present,  therefore,  corroborative  evidence  may  fairly  be  adduced,  as 
is  done  by  Dr.  Croll  in  the  cases  of  the  present  Antarctic  Ice-cap  and 
the  supposed  Inter-glacial  periods.  The  discussion  of  these  corrobo- 
rations is  beyond  the  scope  of  the  present  article. 


m. — On  some  Fossil  Bibd-Remains  from  the  Siwalik  Hills  in 

THE  British  Museum. 

By   William    Dayibb,   F.G.S., 
of  the  Geological  Department. 
(PLATE  II.) 

THE  first  part  of  the  "Records  of  the  Geological  Survey  of  India" 
for  1879  contains  some  interesting  notes  by  Mr.  R.  Lydekker, 
B.A.,  descriptive  of  a  "  few  fragmentary  bird-remains  "  recently 
obtained  from  the  Tertiary  deposits  of  the  Siwaliks,  and  preserved  in 
the  Geological  MViseum  at  Calcutta.  The  subjects  of  most  interest 
alluded  to  in  this  memoir  are  some  bones  referred  to  Dromaiu,  by 
Mr.  Lydekker,  and  his  remarks  thereon,  and  upon  some  bones  of 
kindred  birds  which  form  part  of  the  extensive  series  of  vertebrate 
remains  collected  in  the  same  range  of  hills  by  the  late  Colonel  Sir 
Proby  T.  Cautley,  then  Captain  in  the  Bengal  Artillery,  and  pre- 
sented by  him  to  the  National  Collection.* 

These  special  fragments  preserved  in  the  above-named  Museums 
are  of  great  palaeontological  interest,  for  assuming  Mr.  Lydekker*s 
identification  of  the  bones  in  the  Indian  Museum  to  be  correct,  the 
fact  is  fully  established,  that  in  the  Upper  Miocene  or  Lower  Pliocene 
period,  there  lived  contemporaneously  in  India  two  distinct  forms  of 
Struthioid  birds,  whose  geographical  habitats  are,  in  the  present  day, 
widely  separated :  namely,  the  Ostrich  in  Africa  and  the  Emu  in 
Australia.  The  evidence  as  regards  the  Ostrich  rests  upon  specimens 
in  the  National  Collection  which  have  never  been  described,  and  being 
but  little  known,  a  short  description  might  usefully  supplement,  and 
also  correct  some  misapprehensions  regarding  them  contained  in  Mr. 
Lydekker's  notes. 

Commenting  upon  the  rarity  of  avian  remains  in  the  Tertiaries  of 
the  Siwaliks,  he  remarks  :  "  Some  of  these  bones  were  collected  by 
Dr.  Falconer,  and  were  deposited  by  him  in  the  British  Museum." 
This  is  an  error.  They  were  collected  and  presented,  as  stated,  by  Col. 
Sir  P.  T.  Cautley.  Mr.  Lydekker  adds,  "  Figures  being  given  of  them 

^  Most  of  these  specimens  were  drawn  on  stone  for  the  **  Fauna  Anticjaa 
Sivalensis  "  of  Falconer  and  Cautley ;  being  one  of  a  series  of  eighteen  plates  which 
were  never  printed  for  publication,  and  of  which  only  one  impression  of  each — a 
proof— has  been  preserved ;  the  drawings  having,  during  Dr.  Falconer's  lengthened 
absence  in  India,  been  erased  from  the  stones.  These  impressions  are  deposited  in 
^he  Geological  Department  of  the  British  Museum ;  and  explanations  of  tne  figures 
on  each  plate,  which  are  respectively  lettered  A  to  R,  are  published  in  Dr.  Falconer's 
**  Palaeontological  Memoirs  "  (vol.  i.  pp.  538 — 554),  edited  by  the  late  Charles 
Murchison,  M.D.,  F.B.S. 
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m  Plate  B.  of  the  unpublished  plates  of  the  '  Fauna  Antiqua  Siva- 
ensis'  on  the  evidence  of  these  bones,  M.  A.  Milne- Edwards^  esta- 
)lished  two  species  of  extinct  Siwalik  birds,  namely,^  Struthio 
xmiieuB  Eoi.^  ArgalaFalconeri"  (p.  52).  Further  on  he  observes:  ''With 
regard  to  Struthio  asiaticua  of  M.  Milne-Edwards,  it  appears  that  this 
species  was  formed  on  the  evidence  of  the  phalange,  and  of  the  distal 
Bxtremity  of  the  tibio-tarsus,  which  are  represented  in  figs.  2  and  15 
of  the  above-quoted  plate ; "  and  again,  ''  I  am  rather  at  a  loss  to 
discover  how  M.  Milne-Edwards  determined  that  his  Siwalik  ostrich 
had  but  two  toes,  because,  as  I  have  said,  the  only  Struthioid  bones 
figured  in  the  *  Fauna  Antiqua  Sivalensis '  are  the  distal  extremity 
of  the  tibio-tarsus  and  a  phalange"  (p.  53).  The  species  was,  however, 
not  founded  upon  these  two  bones,  as  Mr.  Lydekker  supposes ;  for  in 
a  small  collection  of  vertebrate  remains  obtained  from  the  same 
locality,  and  presented  to  the  British  Museum,  by  the  late  Major 
Golvin,  there  is  a  distal  end  of  a  tarso-metatarsal  of  a  two- toed  bird, 
with  the  proximal  half  of  the  first  phalange  of  the  third  toe  in  its 
natural  position  (PL  IT.  Fig.  1,  ph.) ;  and  this,  there  can  be  no  doubt, 
is  the  specimen  which  Prof.  Alphonse  Milne-Edwards  refers  to  as  the 
evidence  for  his  Struthio  asiaticus.  Yet  his  note  relating  to  it,  which 
we  here  reproduce,  is  so  short  and  indefinite,  as  to  justify  Mr.  Lydek- 
ker's  conclusion. 
Milne-Edwards  writes  (op,  cit  tom.  ii.  p.  587) : — 

"  L'une  des  especes  les  plus  remarquables  appartenait  an  groupe 
des  Brevipennes  et  se  rapprochait  beaucoup  de  TAutruche  d*Afriqne 
par  la  conformation  de  son  pied,  qui  ne  portait  que  deux  doigts ; 
mais  elle  etait  de  plus  petite  taille  que  cette  demifere  :  on  pourrait, 
pour  Ten  distinguer,  la  nommer  Struthio  asiaticus" 

This  unique  and  important  fragment  is  associated  in  the  matrix 
with  a  series  of  twelve  cervical  vertebrae,  and  also  with  the  bones  of 
the  wing,  of  probably  the  same  bird ;  I  say  probably,  because,  occa- 
sionally in  the  Siwalik  deposits,  bones  of  more  than  one  species  of 
animal  are  found  in  juxtaposition,  as  in  this  very  group,  in  which  an 
incisor  tooth  and  an  atlas  vertebra  of  a  small  ruminant  are  in  contact 
with,  and  cemented  by,  the  matrix  inclosing  the  avian  vertebroB  and 
metatarsal. 

The  result  of  a  careful  comparison  of  the  tarso-metatarsal  and 
phalange,  with  the  same  bones  of  an  adult  and  large  African  Ostrich 
(356  a),  in  the  British  Museum,  is,  that  as  regards  form  and  size 
they  are  indistinguishable;  although  M.  Alphonse  Milne-Edwards 
supposed  the  fossil  to  have  been  inferior  in  size  to  the  recent  bird, 
and  hence  suggested  a  new  specific  name ;  but  if  we  eliminate  the 
conditions  of  occurrence  and  locality,  the  fragment  possesses  in 
itself  no  distinctive  character  by  which  it  could  be  separated  from 
the  existing  African  Ostrich.  And  the  annexed  measurements,  in 
inches  and  tenths,  of  the  fossil  and  recent  bones,  will  show  how 
closely  they  assimilate  in  size. 

1  Oiseaux  fossiles  de  la  France,  tom.  i.  p.  449,  tom.  ii.  p.  587. 
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ronO.        Recent. 

Extreme  leng^  of  fragment  of  tano-metatanal,  exdiiaiTe  of  Siwalik.     Afriean. 

pofuaiiKv      •••         •••         •••         •••         •••         «(•         •••  o  o  «•• 

Greatest  transrene  diameter  of  the  trochlea 2*4  ...     2*4 

TransTerse  diameter  of  third  trochlea m.  1*6  ...     1*58 

Antero-postehor  diameter  of  ditto        1*7  ...     1*7 

TransTerse  diameter  of  outer  trochlea 0*7  •••    0*7 

Antero-poflterior  ditto 1*05  ..      1*1 

TransTerse  diameter,  proximal  end  of  phalange  1*66  ...     1*7 

Vertical  ditto      1*65  ...     1*76 

The  fossil  phalange  is  a  little  abraded,  which  will  acooant  for  the 
difference  in  these  measurements. 

The  avian  vertebrae  associated  with  the  preceding  are  twelve  in 
number,  ten  of  which  form  a  consecutive  series ;  of  these,  the  first 
and  the  last  are  represented  by  little  more  than  their  respective 
approximating  articular  ends,  the  others  being  all  more  or  less 
perfect  as  regards  the  centra;  but  unfortunately  the  confluent 
processes  which  form  the  vertebral  canal,  and  also  the  styliform 
pleurapophyses,  are  mutilated  in  a  greater  or  less  degree  in  all. 
Each  vertebra  is  closely  articulated  to  that  which  precedes  and 
follows  it  by  the  articulating  surface  of  the  centra  and  of  the 
zygapophyses ;  and  the  series  is  bent  back  so  as  almost  to  describe 
a  circle ;  this  has  been  accomplished  without  any  apparent  detach- 
ment of  the  centra  at  their  articular  junctions,  but  mainly  by  forcing 
the  zygapophysial  facets  beyond  their  natural  boundaries,  and  this  is 
shown  by  the  slight  addition  that  the  curve  makes  to  the  length,  in 
the  aggregate  measurement  of  the  series. 

Five  of  these  vertebrae  are  figured,  of  reduced  size,  upon  the  afore- 
mentioned unpublished  plate  K  (figs.  1,  la)  of  the  **  Fauna  Antiqua 
Si valensis ; "  and  represent  respectively  the  3rd  to  the  7th  of  the  fossil 
series,  but  of  which  only  the  posterior  and  anterior  halves  of  the  3rd 
and  7th  are  there  delineated.  By  measurement  and  by  comparison 
with  the  bones  of  the  neck  of  the  same  skeleton  of  the  African 
Ostrich  (356a,  B.M.),  I  believe  the  conjoined  fossil  vertebrae  to 
represent  the  5th  to  the  14th  inclusive ;  and  therefore  representing 
the  entire  middle  portion  of  the  neck:  the  normal  number  of 
cervicals  in  the  Ostrich  being  18.  The  antero-posterior  dimensions 
of  the  respective  centra  of  the  fossil  series,  which  with  one  or  two 
exceptions  can  be  measured  very  accurately,  agree  with  those  having 
the  same  numerical  position  in  the  neck  of  the  recent  bird ;  and  they 
each  increase  in  length  in  the  same  ratio  as  they  recede  from  the 
head. 

The  five  vertebrae  figured  upon  the  unpublished  plate  B  represent 
respectively  the.  7th  to  the  11th  in  the  natural  series,  and  I  select 
one  of  these,  the  8th,  of  which  a  view  is  there  given  (fig.  la)  of  the 
inferior  surface  of  the  centrum,  as  a  good  example  for  measure- 
ment : — 

Length  of  centrum  along  median  line 

Anterior  transverse  diameter  of  vertebra  over  vertebral  canal 
Posterior  transverse  diameter  of  centrum,  inferior  surface  ... 
Vertical  diameter  from  summit  of  neural  spine        


FossU. 

Recent. 

2-25 

•  •• 

2-25 

1-2 

•  •  • 

1-15 

0-7 

•  •  • 

0-7 

1-05 

•  •• 

10 
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I  also  annex  meaBarements  of  the  13th  vertebra  of  the  normal 
cervical  series : — 

FowiL  Becent. 

Length  of  centmm  along  median  line  2*62     ...  2'68 

Antnior  tranaverse  diameter  over  vertebral  canal 1*85     ...  1*47 

Posterior  tnuunrerse  diameter  of  centrum      0*67    ...  0*6 

Vertical  diameter  from  summit  of  neural  spine        1*4       ...  1*15 

The  aggregate  lengths  of  eight  consecutive  fossil  vertebr® 

measured  along  the  outer  curve      19*5     ... 

The  corresiponding  eight  recent  vertebra  placed  in  the  same 

curved  position  measured 20*0 

The  same  vertebne  placed  in  a  straight  line        19*0 

The  above  measurements  corroborate  the  evidence  adduced  from 
the  leg-bones  that  the  Siwalik  Ostrich  stood  as  high  as  its  African 
congener;  but  the  greater  vertical  depth  and  anterior  transverse 
diameter  of  the  cervical  vertebrae  indicate  a  bird  of  robuster  pro- 
portions as  regards  the  neck.^ 

The  vnng-bones,  consisting  of  portions  of  the  carpal  ends  of  the 
ulna  and  radius,  metacarpus  and  phalange,  are  all,  with  the  excep- 
tion of  the  metacarpus,  fragmentary  and  mutilated,  and  only  recog- 
nized by  their  relative  positions  in  regard  to  the  metacarpus.  This 
part  of  the  wing  is  sufficiently  complete  for  identification,  the  most 
perfect  element  being  the  middle,  or  third,  metacarpal  of  the  penta- 
dactyle  hand,  and  it  shows  the  short  second  metacarpal  anchylosed 
to  it ;  the  outer,  or  fourth,  metacarpal  has  the  curve,  characteristic 
of  this  bone  in  the  Ostrich ;  it  is  also  much  stouter,  relatively  to  the 
third  metacarpal,  than  axe  the  same  bones  to  each  other  in  the  recent 
bird. 

The  length  of  the  third  metacarpal  in  the  fossil  is  3*6  inches, 
and  in  the  recent  skeleton  3*7,  the  proximal  end  of  the  fossil  being 
imperfect. 

The  next  most  important  fragment  is  the  distal  extremity  of  the 
tibio-tarsus  afore-mentioned.  It  forms  part  of  the  Cautloy  collection, 
and  is  represented  on  the  already  quoted  unpublished  pi.  R.  (figs. 
2,  2a,  6,  c,  d)  ;  and,  although  unrecorded,  we  may  assume  that  its 
affinity  was  known  or  suspected  by  Dr.  Falconer,  from  his  placing 
in  conjunction  with  the  figures  of  the  fossil  a  figure  of  the  corre- 
sponding portion  of  the  tibia  of  a  recent  Ostrich  (fig.  6).  Unfor- 
tunately the  fossil  is  imperfectly  preserved,  the  sharp  edges  of  the 
condyles  being  much  abraded,  and  this  defect  not  being  clearly 
shown  in  the  engraving,  gives  a  somewhat  erroneous  impression  as 
regards  its  original  form.  Nevertheless,  it  has  the  form  and 
possesses  all  the  characters  of  that  portion  of  the  shin-bone  of  the 
recent  skeleton  (356a,  Brit  Mus.  Coll.)  with  which  it  has  been 

^  These  vertehrse  were  originally  assigned  by  the  finder  to  the  "  Swan "  :  this 
name  being  written  on  one  of  the  series ;  and  in  a  small  pamphlet,  descriptive  of 
Siwalik  fossils,  entitled,  *'  Memoirs  by  Major  W.  E.  Baker,  Bengal  Engineers,  on 
the  Fossil  Remains,  presented  by  himself  and  Colonel  Colvin,  C.B.,  to  the  Museum 
of  Natural  History  at  Ludlow"  TLudlow,  1850),  it  is  stated  that  *'  the  remains  of 
birds  have  been  found  in  the  Siwalilt  strata,  but  they  are  of  rare  occurrence,  and  con- 
nst  of  bones  of  grallsD  or  waders,  and  of  a  large  kind  of  swan."  This,  there  con  be 
no  doubt,  refers  to  the  specimen  above  described. 


?onSl. 

Recent. 

7*0 

1-95 

.*.".*     20 

2-6 

...     2-75 

1-2 

...     112 

1-8 

...     20 

4-6 

...     4-6 
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compared.  The  commencement  of  the  condylar  ridges,  the  shape  of 
the  condyle,  the  anterior  depression,  with  the  condylar  tuberosity 
which  it  contains,  are  alike  in  each,  and  the  annexed  measurements 
of  the  more  perfect  parts  of  the  fossil,  and  of  the  corresponding 
portion  of  the  recent  bone,  exhibit  the  same  relative  proportions, 
and  prove  it  to  have  belonged  to  a  bird  as  large,  if  not  actually  to 
the  same  individual,  as  the  preceding  fragments. 

Length  of  fragment    ...        ...        ...        ...        ...        ...        ,. 

Medial  antero-posterior  diameter  of  condyle  

Anterior  transverse  diameter  at  the  lateral  condylar  depressions   .. 
Antero-posterior  diameter  of  shaft  above  the  condylar  tuberosity   .. 

Transverse  diameter  at  ditto 

Circumference  of  shaft  at  4 J  inches  from  the  distal  extremity 

At  the  fractured  end  of  the  fossil  is  seen  the  medullsory  cavity,  its 
diameter  being  0'8  of  an  inch,  the  bone  having  a  thickness  of  0-3. 

As  the  fragments  of  fossil  bones  above  described  ceiiainly  belong 
to  the  genus  Struthio,  they  establish  the  fact,  so  far  as  our  present 
knowledge  extends,  that  the  Ostrich  had  its  early  home  in  Asia,  its 
fossil  remains  not  having  hitherto  been  found  elsewhere ;  also,  that 
as  regards  size,  the  ancient  bird  was  not  inferior  to  its  modem 
African  congener,  and  in  respect  to  the  form  of  the  bones  of  the 
limbs  is  indistinguishable  from  it  This  intimate  resemblance  tends 
to  the  inference,  if  not  to  the  assurance,  that  the  African  Ostrich  is  a 
direct  descendant,  perhaps  slightly  modified,  as  regards  the  cervical 
vertebrae,  of  the  older  Asiatic  bird,  which,  at  some  remote  period, 
impelled  by  circumstances,  migrated  from  its  original  home  to  its 
present  habitat.  And,  whatever  the  physical  changes  that  neces- 
sitated the  migration,  it  was  not  accomplished  alone ;  for  the  Giraffe, 
now  confined  exclusively  to  the  African  continent,  had  also  an 
Asiatic  origin,  and  has  left  its  remains,  associated  with  those  of  the 
Ostrich,  in  the  same  Indian  deposits.  Beferring  to  the  fossil  Giraffe, 
Dr.  Falconer  observes  that  the  "  teeth  come  so  near  those  of  the 
existing  African  species  in  size  and  form  as  to  be  indistinguishable."  ^ 
And  with  regard  to  the  existing  African  mammalia,  Mr.  Wallace, 
commenting  upon  the  former  junction  of  Africa  with  Asia,  says  that 
**  all  over  Africa,  but  more  especially  in  the  east,  we  have  abundance 
of  large  ungulates  and  felines,  antelopes,  giraffes,  bu£&loes,  elephants, 
and  rhinoceroses,  with  lions,  leopards,  and  hyaenas,  all  of  types  now 
or  recently  found  in  India."*  He  elsewhere  observes  that  the 
migration  was  "  apparently  effected  by  the  way  of  Syria  and  the 
shores  of  the  Red  Sea,"  and  that,  "  by  this  route  the  old  south 
Palsearctic  fauna,  indicated  by  the  fossils  of  Pikermi  (Greece),  and 
the  Siwalik  Hills,  poured  into  Africa"  (p.  288). 

The  phalange  referred  to  by  Mr.  Lydekker,  and  which  is  repre- 
sented on  the  unpublished  plate  B  (figs.  15,  15a,  6,  c,  c2),  is  an 
entire  second  phalanx  of  the  middle  toe  of  a  tridactyle  Struthious 
bird,  distinct  from  either  the  Emeu  or  Cassowary ;  though  approach- 
ing nearer  to  the  latter  than  to  the  former,  it  possesses  distinctive 

*  Palseontological  Memoirs,  vol.  i.  p.  26. 

'  Geographical  Distribution  of  Animals,  vol-  i.  p.  286. 


tiiiiBoton,  whmh  ottuiot  te  cgfonred  to  aescnal  or  individual  vam- 
iMmof  dthoroi  the  abonpHMmed  birds.  A  glaaoe  at  the  representa- 
fkma  of  the  foasil  (PL  XL  Hg.  2  a,  5,  e)  and  oorreroonding  phalanx 
(PL  IT.  1%.  H  «,  J»)H0f  the  O^MBflOwanr  (5856,  Brit  Mua.  OolL)  shows 
tte  eaaential  Bobrfs  bf  difference.  The  fossil  is  much  stouter  in  pio- 
poitioiiy  Ib^MBgth  being  nearly  tiie  same  in  each,  nor  does  it  taper 
Inrward ;  the  proidmal  end  is  vertically  deeper  and  moiB 
Ij  triangnlar  in  outline,  the  inferior  marginal  bonder  is  conyez, 
in  tiie  (Sissowaiy  it  is  sli^tly  conoave ;  the  lower  half  of  the 
aitlonlar  surface  is  also  Inroadly  convex,  with  shallow  oondvlar  depres- 
sions on  either  side,  but  exhibits  no  trace  of  an  intercondylar  ridge,^ 
whereas  in  the  Cassowary  a  narrow  vertical  median  ridge  is  well  de- 
ined  between  two  broad  and  comparatively  deep  degressions  which 
leoeive  the  distal  condyles  of  the  first  phalangSL  Li  the  fossil  the 
snteriiNr  or  anccmal  surface  of  the  phalange  rises  rather  abruptly  near 
ihe  proximal  end,  the  middle  portion  of  the  bone  being  slightly 
depieesed;  tilie  anconal  snrfsKse  of  the  phalange  of  the  Cassowary 
fonna  a  nearty  straight  line.  The  distal  articukr  groove  is  deeper 
and  nlatively  broader,  the  condyles  rising  higher  and  being  less 
loonded ;  tiie  pre-condylar  depression  is  abo  deeper  and  broader  in 
tte  fcasil  than  m  the  recent  heme. 

These  diffidences  impart  to  the  fossil  a  distinctive  osteological 
r,  and  a  special  palsBontological  interest,  inasmuch  that  it  is 
&r  as  a  digital  bone  of  the  pes  can  be  accepted  as 
evidenoe^-of  a  third  species  of  Struthioid  bird,  genus  undetermined, 
having  been  contemporaneous  with  the  Ostrich  and  Emeu  in  the 
ancient  plains  of  India. 

The  following  measurements  will  show  the  relative  proportions  of 
the  fossil  and  recent  bone : — 

Length  of  phalanx ...        

Transvene  diameter,  proximal  end  ...        

Vertical  diameter    ...         ...         ...         ...        .,•        .. 

Transverse  diameter,  distal  end 

Vertical  diameter,  hetween  condyles        

Smallest  circumference  of  shaft 

Argala  Falconeriy  A.  M.-Edw. 

Professor  Alphonse  Milne-Edwards  has  described  some  frag- 
mentary remains  of  a  gigantic  Crane  preserved  in  the  Cautley 
Collection  in  the  British  Museum,  under  the  above  designation.' 
They  comprise  two  distal  extremities  of  tibio-tarsi,  and  a  proximal 
and  distal  end  of  the  tarso-metatarsus.  The  descriptions,  with 
measurements  of  each,  are  brief,  and  unaccompanied  by  figures. 
They  are,  however,  represented  by  several  views  of  each  bone  of 
the  size  of  nature  upon  the  unpublished  plate  R.  (figs,  3,  5,  9  and  11) 
of  the  **  Fauna  Antiqua  Sivalensis." 

There  are,  besides  the  above,  two  other  fragments  in  the  same 

^  The  figure  on  the  unpublished  plate  is  not  a  faithful  representation  of  the 
proximal  articular  surface. 
*  Op.  eit.  torn.  ii.  p.  449. 


Fosiil. 

Cassowary. 

1-68     .. 

.     1-55 

1-06     .. 

.     0-98 

0-8       ... 

.     0-68 

0*85     .. 

.     0-74 

0-48     ... 

.     0-36 

1-8       ... 

.     lo7 
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collection,  also  figured  upon  the  same  plate,  which  appertain  without 
doubt  to  the  same  species  of  Crane,  but  are  unnoticed  by  Prof.  Milne- 
Edwards. 

The  first  fragment  consists  of  little  more  tlian  the  proximal  third 
of  the  first  phalange  of  the  wing,  and  is  faithfully  represented  of  the 
natural  size  on  pi.  B.  (figs.  8,  8a,  5,  e).  The  articular  surface, 
although  not  quite  perfect,  coincides  in  form  with  that  portion  of 
the  phalange  of  a  recent  bird,  and  with  regard  to  size  the  antero- 
posterior diameter  is  0*5,  that  of  the  recent  bone  being  0-42 ;  the 
articular  surface  of  the  fossil  is  imperfect  in  the  transverse  direction. 
The  lateral  lamelliform  expansion  rises  more  abruptly  than  in  the 
recent  bone,  but  this  is  the  only  difference  that  I  can  detect 

A  second  fragment,  which  is  also  figured  upon  the  above-quoted 
plate  (figs.  4,  4a,  5),  is  the  distal  extremity  of  a  left  femur;  it  is 
somewhat  mutilated,  and  is  broken  below  the  commencement  of  the 
condylar  ridges,  and  therefore  represents  little  more  than  the 
articular  end.  Compared  with  the  femur  of  a  skeleton  of  Argala 
indica  (397a)  in  the  British  Museum,  I .  again  fail  to  detect  any 
specific  character — size  always  excepted— by  which  the  fossil  can  he 
distinguished  from  the  recent  bone,  unless  it  be  that  the  anterior 
condylar  groove  in  the  fossil  appears  to  be  relatively  a  little  deeper 
and  narrower,  a  point  of  very  slight  importance.  As  regards  size, 
the  transverse  diameter  of  the  articular  surfaces  of  the  condyles  in 
the  fossil  and  recent  bones,  which  measure  respectively  1*77  and 
1*48,  will  indicate  the  degree  in  which  they  differ. 

Another  important  fragment,  which  originally  belonged  to  the  late 
Dr.  Falconer,  and  has  only  recently  been  acquired  for  the  National 
Collection  by  the  liberality  of  his  brother,  Charles  Falconer,  Esq., 
F.G.S.  (since  deceased),  is  the  distal  extremity  of  a  left  humerus 
(PI.  II.  Fig.  4).  It  is  in  good  condition,  the  condyles  being  perfect, 
and  the  anconal  surface  of  the  bone  beautifully  preserved;  a  portion 
of  the  palmar  surface  is  destroyed.  And,  as  in  the  previously  de- 
scribed fragments,  it  is  also  indistinguishable  from  the  corresponding 
portion  of  the  humerus  of  the  great  Indian  Crane  ;  so  that,  with  the 
exception  of  size,  of  which  I  append  comparative  measurements,  it 
possesses  no  distinctive  characters  for  special  description. 

Fossil.       Recent 

Length  of  fragment      2*6 

Transverse  diameter  at  condylar  tuberosities  2-3      ...    2-1 

Ditto,  of  condyles         1'75    ...     1'6 

Antero-postenor  diameter  of  base  of  shaft,  radial  side        0*9      ...    0*7 

All  the  above-mentioned  fragments  of  bones,  representing  various 
portions  of  the  skeleton,  and  probably  of  as  many  individuals,  being 
in  accord  as  regards  their  relative  proportions,  tend  to  the  conclusion 
that  the  remote  ancestors  of  the  existing  Adjutant  Crane  surpassed  it 
in  size ;  yet  there  is  in  the  National  Collection  a  lower  extremity  of 
a  tibio-tarsus,  no  larger  than  is  that  of  the  recent  skeleton  with 
which  the  other  fragments  have  been  compared.  Mr.  Lydekker 
himself  states,  that,  of  three  bones  of  Argala  Falconeri,  in  the  Indian 
Museum,  two  are  of  "exactly  the  same  size,"  and  the  "third  is  slightly 
•mailer  "  than  in  the  living  Adjutant    This  inequality  in  size  may 


Witliam  Davies — Fossil  Bird-remains  of  India.  25 

foreshadow  another  palsBontological  species,  to  be  perhaps  hereafter 
determined,  when  other  and  more  perfect  portions  of  skeletons  shall 
have  been  obtained ;  at  present  we  can  only  refer  it  either  to  sexual 
disparity,  or  to  great  variation  in  individnal  growth.  The  intimate 
resemblance  of  the  fossil  and  recent  bird-bones  is  a  character 
common  to  other  classes  of  Siwalik  vertebrate  fossils,  of  which  re- 
presentatives are  still  living  in  India,  and  has  been  a  subject  of 
comment  by  various  writers.  Dr.  Falconer,  remarking  upon  the 
abundance  and  variety  of  form  of  the  reptilian  remains,  says, 
**  Lepiorhjpichiis  gangeticns  and  Emys  tectum  are  indistinguishable 
from  existing  species,"  and,  **  in  several  instances  the  fossil  forms 
make  the  closest  approach  to  species  now  living  in  India.  This  is 
also  the  case  with  several  of  the  Camivora."  ^ 

The  only  reference  to  birds  by  the  above  eminent  authority  upon 
Siwalik  fossils  in  the  work  above  quoted  is  the  following  short  para- 
graph : — ''  Among  the  Siwalik  fossils  there  are  also  the  remains  of 
several  species  of  Birds,  including  Grallce,  greatly  surpassing  in  size 
the  gigantic  crane  of  Bengal  {Ciconia  Argala) " — op.  eit,  p.  23. 

With  regard  to  the  proximil  end  of  a  small  tarso-metatarsal.  which 
M.  A.  Milne-Edwards  considered,  though  with  doubt,  and  after  hasty 
examination,  to  have  belonged  to  a  bird  allied  to  the  existing  Tropic 
Bird  {PJueton  plicenicuruis,  Gmel.),  but  about  one-third  larger,  Mr. 
Lydekker  observes :  "It  seems  incredible  that  a  bird  of  that  essentially 
oceanic  genus  could  have  lived  in  the  land-locked  Siwalik  country. 
The  difficulty  may  perhaps  be  got  over  by  calling  in  question  the 
authenticity  of  the  locality  of  the  bone,  of  which  there  seems  no 
certain  history."     This  ready,   though  not  scientific  method  of  dis- 
posing of  a  palaeontological  difficulty,  will,  happily,  in  this  instance 
not  apply  :  the  history  and  locality  of  the  bone  in  question  being  well 
authenticated,  as  it  forms  part    of   the  Gautley  collection,  and  is 
moreover  figured  upon  the  oft-quoted  unpublished  plate  R  (figs*  13, 
13a,   6),  upon   which   plate    all    the   fossils    figured   are    unques- 
tionably   from    the   Siwaliks.      The  following  quotation  will   also 
show  that  Milne-Edwards  carefully  avoided  committing  himself  to 
any  positive  assertion  as  to  the  genus  or  the  affinity  of  the  fossil. 
He  says  :   "  Mais  je   ne    propose  cette  determination  qu'avec  une 
grande  reserve,  car  je  n*ai  etudie  ce  fossile  que  tr^s-rapidement,  et  il 
serait  necessaire  de  la  soumettre  a  un  examen  coraparatifapprofondi."* 
The  fragment  does  not  agree  with  Milne-Edwards's  figure  of  the 
tano -metatarsal  of  Phceion  phoenicurus   {op.  cit.  pi.  32,  figs.  6-10), 
nor  yet  with  the  recent  bone  of  P,  ceiliuras,  preserved  in  the  Museum 
of  the  College  of   Surgeons.     Unfortunately,  neither  in  the  latter 
Museum  nor  in  the  National  Collection  is  there  a  skeleton  of  the 
first-named  species.     On  comparing  the  fossil  with  the   proximal 
portion  of  the  tarso-metatarsal  of  the  Cormorant,  Graculus  {Phala- 
crocorax)  earbo,  I  find  that  the  form  of  the  tibial  condylar  cavities, 
the  intercondylar  tuberosity,  and  the  depth  of  the  upper  portion  of 
the  anterior  channel  dividing  the  outer  and  inner  metatarsals,  also 

'  Palaeontological  Memoirs,  vol.  i.  pp.  23  and  26. 
'  Op,  eit.  torn.  i.  p.  260. 
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the  oblique  oanal  on  the  latter  for  the  reception  of  the  extensor 
tendon  of  the  great  toe;  together  with  the  calcaneal  tendinal  grooves, 
and  what  remains  of  the  calcaneal  process ;  approach  so  nearly  in 
their  general  characters,  that  they  indicate  a  bird,  which,  if  not 
actually  belonging  to  the  genus  Qraetdus,  must  be  referred  to  a 
genus  very  nearly  related  to  it  It  differs  from  the  common 
Cormorant,  in  having  the  anterior  margin  of  the  outer  metatarsal 
less  sharply  ridged,  and  in  the  inner  not  being  so  depressed 
immediately  below  the  articular  cavity,  but  descending  by  an  easy 
incline  to  the  tendinal  groove  of  the  first  digit ;  it  is  also  deeply 
depressed  on  either  side  of  the  calcaneal  process. 

Among  the  remains  of  birds  from  Mew  Zealand,  collected  by 
Mr.  (now  the  Honourable)  Walter  Mantell,  and  acquired  by  the 
British  Museum,  is  an  entire  tarso- metatarsal  of  a  species  of 
Cormorant,  so  alike  to  the  Siwalik  fossil,  that  at  first  sight  they  mi^ 
be  considered  as  specifically  the  same.  This  bone  has,  however,  not 
been  identified,  for,  as  with  PhoBton,  no  skeleton  of  €hraevlm$,  besides 
that  of  the  common  Cormorant,  has  been  available  to  me  for  com- 
parison ;  and,  judging  from  the  condition  of  the  bone,  the  species  can 
scarcely  be  considered  extinct,  but  may  be  represented  by  one  of  the 
species  of  Cormorants  still  living  in  New  Zealand,  or  alike  common 
to  those  Islands  and  Australia. 

PeUeanus  Cautleyif  Dav. 

The  collection  also  contains  two  other  avian  fragments  of  interest, 
in  so  far  that  they  prove  that  species  of  the  Pelican  were  contempo- 
raneous with  the  preceding ;  and  that  then,  as  now,  the  g«|ius  had  a 
wide  geographical  range,  remains  of  two  or  three  species  having 
been  found  in  European  Miocene  deposits. 

The  specimens  consist  of  the  distal  ends  of  uln»,  and  respectively 
represent  two  species  of  the  above  Totipalmate  bird.  The  larger  and 
most  perfect  is  figured  of  the  natural  size  upon  the  oft-quoted  plate 
E  (figs.  7,  7a,  6).*  It  belonged  to  a  bird  somewhat  smaller  than 
the  existing  PeUeanus  mitratus  from  India,  represented  by  a  skeleton 
in  the  National  Collection ;  but  the  form  of  the  trochlear  articulations 
are  essentially  the  same,  as  is  also  the  external  tendinal  pit,  with  its 
short  bony  projection.  It  differs  in  the  greater  depth  and  elongation 
of  the  palmar  trocheal  depression,  and  in  none  of  the  Pelicans  that 
I  have  examined  is  this  depression  so  pronounced,  and  may  be 
deemed  a  specific  character.  The  shaft  is  also  more  compressed 
laterally,  and  is  more  ovate  in  section.  The  generic  identity  being 
established,  I  dedicate  the  species  to  its  discoverer. 

PeUeanus  ?  Sivalensis,  Dav. 
This  fragment  is  not  so  perfectly  preserved,  and  differs  from  the 
preceding  in  several  points,  notably,  the  shaft  is  not  so  compressed, 

^  Frequent  reference  has  been  made  to  this  unpublished  plate  of  bird-remains,  by 
reason  of  its  importance  in  denoting  the  special  oojects  selected  by  Dr.  Falconer  for 
illustration  and  description  in  the  '*  Fauna  Antiqua  Sivalensis,"  and  by  its  occurring 
among  the  descriptions  of  the  series  of  unpublisned  plates  in  Falconer^s  **  Palieonto- 
logical  Memoirs,  vol.  i.  p.  554.  It  is  also  of  importance  to  notice  the  fact  that 
these  plates  have  all  been  photographed  at  the  expense  of  the  Geological  Surrey  of 
India,  and  copies  may  be  ODtaincd  of  Uie  Autotype  Company,  London. 
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and  is  sub-oylindrio  in  section,  the  palmar  trocheal  depression  is 
shallow,  and  not  so  elongate,  the  diameter  of  the  cuneiform  and 
magnum  facets  are  narrower  relatively  to  the  length  of  the  ulnar 
trochlea ;  and  the  carpal  trochlear  projection  dividing  the  articulating 
surfaces  of  the  scapho-lunare  and  magnum  is  more  ohlique.  These 
differences  I  believe  to  be  of  specific,  and  not  of  generic  value;  never- 
theless I  refer  it  to  Felicanua  with  a  note  of  interrogation.  Appended 
are  measurements  of  the  fossils  and  of  the  distal  end  of  the  ulna  of 
Pe/tcantM  mitratus : — 

p.  Siralensis.    P.  Cautleyi.    P.  mitratus. 
I^ngtii  of  fragment 

Tnins verse  diameter,  inclnding radial  tuberosity ... 
Aittero-posterioT  diameter  of  ulnar  trochlea 
TiansTerse  diameter  of  shaft  at  distal  end 
Antero-poeterior  diameter  at  ditto  

There  are  a  few  other  portions  of  avian  bones  still  unnoticed, 

hot  I  cannot  determine  their  affinities  satisfactorily.     Although  the 

remains  of  birds  are  few,  when  compared  with  the  abundance  of 

those  of  other  classes  of  vertebrata  found  in  these  deposits,  yet 

the  following  list  of  the  species  already  determined,  or   noticed, 

will  show  that   the  class  was  well  represented  among  the   fauna 

whose  bones  have  been  preserved  in  the  Siwalik  rocks : — 


1-5 

1-6 

•  •• 

0-62 

0-7 

•  •• 

0-85 

0-6 

0-76 

•  •• 

0-95 

0-4 

045 

0-58 

0-6 

0-6 

•  •  • 

0-66 

Strut hio  asiatieust  A.  M.-Edw. 
DrommuM  Sivalensis^  Lyd. 
Sp.  indet.,  Brit.  Mns.  Coll. 
ArgaUi  Falc0neri,  A.  M.-Edw. 


Meffoloteelomia  SivalensiSj  Lyd. 
Felieanus  Cautleyi^  Dav. 
P  SivalensiSj  Dav. 


Species  allied  to  Gracutus. 

EXPLANATION  OF  PLATE  II. 

Fio.  I.     Posterior  riew  of  the  distal  end  of  the  tarso-metatarsal  and  phalange  of 
Struihio  asiatieuSf  A.  Milne- Edw.     ph.  Phalange. 
2a.  Upper  Tiew  of  second  phalange  of  ^e  middle  toe  of  a  new  form  of 

Struthioid  hird. 
2b.  View  of  the  proximal  articular  surface  of  the  same. 
2c.  Side  view  of  the  same. 

3a.  Side  view  of  the  second  phalange  of  the  middle  toe  of  Casuariw  emeu. 
Zb.  View  of  the  proximal  articular  surface  of  the  same. 
4.    Palmar  view   of   the  distal   extremity  of  the  left    humerus  of  Areata 
Faleanerif  A.  Milne- Edw. 

Ail  the  figures  are  drawn  of  the  natural  size. 


r 


IV. — ^Thb   Supposed   Old   Red   Sandstone   op  the   Curlew   and 

FiNTONA    DiSTBICTS,    CoNNAUGHT    AND    XJlSTER,    IrELAND. 

By  G.  H.  KiNAHAN,  M.R.LA., 
President  of  the  Royal  Geological  Society,  Ireland. 

SINCE  my  former  paper  on  the  rocks  of  the  Curlew  and  Fintona 
districts  was  published,*  I  have  had  an  opportunity  of  more 
carefully  examining  these  districts.  Both  are  eminently  favourable 
for  the  theoretical  geologist,  as  in  them  the  rocks  are  much  obscured 
by  drift ;  however,  for  a  careful  and  painstaking  explorer,  there  are 
sufficient  sections  exposed,  to  show  the  geological  age  of  the  rocks. 
The  accompanying  diagram  represents  the  rocks  as  they  occur  in  the 
Curlew  Mountains  district. 

»  Gbol.  Mao.  February,  1879,  p.  65. 
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AND^EOSCOXXON. 


00  feet. 


•• 


7777 


Eurite,  tuff,  etc. 


Purple,  red  and  green 

sandstones,  fiagSf 

and  sandy  shales. 


Green  sandstones, 
and  shales,  with  a 
few  fossiliferoos 
Limestones. 


Fossils. 
Limestone,  fossils. 


Red  and  purple  con- 
glomerates, sand- 
stones and  sandy 
shales. 

UNOONFORXABILITT. 

Camhro-Silurian  or 
Camhrian. 


The  rocks  from  A  to  C 
occur  in  a  oontinuouB 
section ;  those  from  0  to 
D  are  not  as  well  ex- 
posed, but  sufficient  of 
them  are  seen  to  show 
that  from  B  to  D  they 
are  about  4,000  feet 
thick;  while  the  thick- 
ness from  D  to  F  had 
to  be  estimated.  The 
eurites  and  tuffs  (E  to  F) 
are  of  various  thick- 
nesses, but  on  an  average 
they  seem  to  be  about 
300  feet  thick.  Above 
the  eurites  there  seem 
to  be  no  rocks,  or  only 
a  very  slight  thickness 
of  rocks  in  the  Curlew 
Mountain  district;  but 
in  the  Fintona  district 
above  this  zone  there  are 
massive  conglomerates, 
sandstone  and  sandy 
shales  associated  with 
some  beds  of  limestone. 
The  limestones  may  be 
of  limited  extent,  as  they 
were  only  remarked  in 
one  district. 

As  to  the  age  of  these 
rocks.  Those  below  the 
unconformability  at  A, 
are  metamorphosed  and 
have  been  called  Upper 
Silurians  and  Felstones. 
The  latter  name  is  so  far 
correct,  in  that  some  of 
the  rocks  are  granulites 
(metamorphio  felstone), 
rocks  which  many  Petro- 
logists  include  among 
the  felstones. 

It  is,  however,  per- 
fectly incorrect  to  call 
any  of  them  Upper  Silu- 
rians ;  as  they  were 
metamorphosed,  rup- 
tured,    upturned,     and 
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denuded,  prior  to  the  overlying  Silurians  having  been  aocnmulated. 
Their  debris  and  fragments,  in  many  instances,  are  largely  found 
in  the  Silnrian  rooks,  especially  in  the  conglomerates  between  A 
and  B.  These  metamorphosed  rocks  must  belong  to  either  the 
Cambro-Silarian  or  Cambrian  age. 

The  rocks  between  A  and  B  are  similar  to  the  rocks  elsewhere 
called  "  Old  Bed  Sandstone ; "  they,  however,  must  be  of  Silurian 
age,  as  they  occur  in  a  continuous  sequence,  which  underiies  a  lime- 
atone  containing  fossils,  principally  of  Llandoveiy  types. 

The  rocks  between  B  and  D  in  the  vicinity  of  the  place  where 
Sir  Bichard  Griffith,  years  ago,  found  Silurian  fossils,  have  been  thus 
classified ;  but  in  another  locality,  where  the  fossiliferous  limestone 
was  unknown,  they  have  been  ccdled  **  Old  Bed  Sandstone.'' 

The  seqaenoe  from  the  rocks  between  B  and  D  is  continuous  up 
into  the  red  and  purple  rocks  in  the  sequence  above  the  line  D.  It 
is,  therefore,  evident  that  the  rocks  above  the  horizon  of  D  must  be 
either  the  equivalents  of  a  portion  of  the  '*  Dingle  Grits,"  or  on  a 
lower  horizon.  If  this  is  correct,  they  must  belong  to  the  Silurian 
period. 

If  the  country  is  traversed  from  Pomeroy,  co.  Tyrone,  to  Ennis- 
killen,  co.  Fermanagh, — and  from  Drumshambo  in  Leitrim  past 
Boyle  (oo.  Boscommon)  to  Ballaghadereen,  co.  Mayo,  and  from 
tbence  by  Croaghmoyle  to  Louisburgh  and  the  Eillamey  districts,  it 
wiU  be  found  that  the  rocks  of  all  these  districts  have  similar 
aspects,  as  mentioned  in  my  former  paper ;  although  only  in  some  of 
them  have  fossils  of  Silurian  types  been  found.  To  those  already 
recorded,  I  would  now  add  another;  that  is,  Silurian  fossils  have 
been  met  with  in  the  so-called  "  Old  Bed  Sandstone  "  of  the  Curlew 
Mountain  district.  It  should  be  mentioned  that  Sir  Bichard  Griffith 
suggested  this  years  ago. 


\r. — Ox  Linnabsson's  Becent  Discoveries  in  Swedish  Geology. 

By  Chas.  Lapworth,  F.G.S.,  etc. 

IN  the  present  communication  I  propose  to  direct  the  attention  of 
British  Geologists  to  three  most  valuable  memoirs  recently  pub- 
lished by  Mr.  G.  Linnarsson,  the  eminent  palaeontologist  of  the 
Geological  Survey  of  Sweden ;  and  at  the  same  time  to  point  out,  as 
briefly  as  may  be,  what  appears  to  me  to  be  their  special  bearincr 
upon  certain  tentative  or  disputed  points  in  British  Geology.  They 
treat  of  subjects  of  great  interest  to  the  student  of  the  palaeonto- 
geology  of  the  Lower  Palteozoio  or  Proterozoio  Books ;  but  are 
printed  in  the  Swedish  language,  with  which,  unfortunately,  few 
amongst  us  are  familiar.  The  first  two  papers  deal  with  the  Grap- 
tolite-bearing  rocks  of  Sweden;  the  third  treats  of  the  peculiar 
fauna  of  a  recently-detected  horizon  in  the  prolific  Paradoxidian  or 
Primordial  Zone. 

Whatever  concerns  the  Graptolite-bearing  rocks  of  Sweden  is 
at  present  certain  to  be  received  with  respectful  attention  by  the 
geologists  of  this  country,  from  the  fact  that  the  Proterozoio  strata  of 
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the  shores  of  the  Baltic  retain  their  original  horizontality,  unaffected 
by  those  tremendous  earth-movements  which  have  so  generally  con- 
vulsed the  Graptolite-bearing  rocks  of  Britain.  With  ourselves, 
until  very  recently,  the  attempt  to  fix  the  specific  succession  of  the 
Graptolites  in  time  was  looked  upon  by  the  vast  majority  of  geolo- 
gists as  a  task  of  almost  hopeless,  if  not  wholly  insuperable  difficulty. 
Even  yet,  among  those  whose  special  training  has  led  them  to  look 
upon  the  apparent  stratigraphy  as  all-in-all,  it  is  practically  denied 
that  we  possess  unequivocal  evidence  that  the  Graptolites  resembled 
the  other  great  families  of  animals  peopling  the  Proterozoic  seas,  in 
their  subjection  to  that  law  of  generic  and  specific  progress  and 
development  in  time  to  which  we  owe  the  successive  and  distinctive 
faunas  that  characterize  our  consecutive  rock-formations.  That  auy 
party  of  geologists,  however  influential,  can  long  hold  this  indefeu- 
sible  and  somewhat  ridiculous  opinion,  is  impossible.  Nor,  in  all 
probability,  would  it  ever  have  been  adopted,  but  as  a  Icu^t  and  des- 
perate means  of  temporary  relief  from  the  otherwise  unaccountable 
difficulties  brought  about  by  the  inevitable  clashing  of  tbe  true 
palsBontological  data  with  the  abundant  ocular  proofs  of  ascend- 
ing physical  successions,  in  which  the  same  faunas  either  re-appeared 
again  and  again  unchanged,  or  underwent  not  a  progressive,  but  a 
retrogressive  modification.  We  are  now  beginning  to  acknowledge 
that  it  is  not  our  palseontological,  but  our  stratigraphical  data  that 
are  at  fault,  and  to  admit  the  unreliability  of  apparent  physical 
evidence  in  districts  where  the  rocks  are  so  frequently  inverted  and 
shattered  as  they  are  in  many  parts  of  Britain.  However,  even  with 
us,  as  I  have  shown  elsewhere,  the  unequivocal  physical  evidences 
demonstrate  that  the  Graptolites  are  fully  as  reliable  as  other  groups 
of  fossils  in  the  parallelism  of  synchronous  deposits.  Nevertheless!, 
the  distrust  of  palsdontological  data  founded  upon  the  specific  suc- 
cession of  the  Graptolitidsd  in  time  has  been  so  widely  spread,  and 
has  had  for  so  many  years  so  apparently  well-grounded  an  origin, 
that  it  is  indeed  gratifying  to  point  to  extra-British  rocks — where 
perfectly  parallel  and  consonant  results  with  my  own  have  been 
arrived  at  by  authoritative  scientific  investigators  among  strata 
where  the  physical  succession  is  indubitable. 

In  the  Soutb  of  Sweden,  as  a  rule,  the  Proterozoic  strata 
are  horizontal,  and  although  occasionally  interrupted  for  short  dis- 
tances, the  ascending  succession  of  the  consecutive  rock-groups  is 
perfectly  clear  and  beyond  question.  Formations  with  us  several 
thousands  of  feet  in  thickness  are  there  represented  by  thin  zones  of 
only  a  few  feet  in  vertical  extent.  Add  to  this  the  important  fact 
that  this  miniature  succession  of  deposits  is  so  prolific  in  fossils  that 
it  suffers  little  or  nothing  in  comparison  with  that  of  the  enormous 
series  of  the  Proterozoic  strata  of  Britain,  and  the  reliability  and 
value  of  every  new  fact  bearing  upon  the  vertical  distribution  of  the 
Swedish  fossils,  whether  Graptolites  or  those  of  other  families,  is 
strikingly  apparent.  Among  the  modem  earnest  and  conscientious 
students  of  these  Swedish  rocks  we  hear  little  or  nothing  of  a  belief 
in  that  supposed  intertwining  of  the  faunas  of  distinct  formations. 
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rbich,  more  especially  rinoe  the  promalgation  of  Barrande's  theory  of 
/olonies,  has  been  the  bane  of  British  palsBonto-geology ;  but  we  find 
in  the  other  hand  a  well-grounded  confidenoe,  which  gains  daily 
onsistency  by  each  new  discovery,  that  among  the  Cambrian, 
)rdovian,  and  Silurian  systems  there  are  in  reality  successive  life- 
Eones,  marked  off  from  each  other  by  distinctive  but  related  faunas, 
nrresponding  in  all  essential  respects  with  those  that  mark  off  the 
mooesBive  stages  in  the  much  more  recent  Jurassics.  The  supposed 
recurrences  of  fossil  groups  disappear  in  the  light  of  careful  investi- 
^tion.  In  all  cases  where  this  supposed  upward  or  downward 
ixtension  of  fauna  was  said  to  obtain,  it  has  now  been  shown  that 
there  is  in  truth  no  intermixture ;  but  that  the  faunas  are  bi-oadly 
iistinct^  except  at  their  point  of  junction,  and  that  the  hypothetical  in- 
tertwining was  due  to  erroneous  ideas  of  the  natural  order  of  physical 
mocession,  or  was  founded  upon  hasty  generalization  due  to  imperfect 
bowledge.  This  rapid  elimination  of  error,  together  with  the  simul- 
aneous  filling  up  of  the  outlines  of  our  knowledge  of  the  faunas  of 
lie  consecutive  Swedish  formations,  has  had  its  natural  result  in 
^ving  a  remarkable  definiteness  to  the  ideas  of  the  Swedish  geolo- 
gists with  respect  to  the  limits  and  palaeontology  of  the  rock-groups 
)f  their  native  country.^  The  acceptance  of  their  new  data  by  extra- 
Jwedish  investigators  is  certain  in  time  to  make  its  influence  felt 
)7en  amongst  us,  and  will  prove  of  inestimable  advantage  in  aiding 
ihe  rising  generation  of  our  geologists  to  throw  off  the  present  incubus 
}f  official  use  and  wont,  and  in  opening  their  eyes  to  a  proper  con- 
xption  of  the  enormous  time-period  and  the  marvellous  variety  of 
the  successive  life-groups  of  the  great  Proterozoio  Age. 

The  district  described  in  this  memoir  is  classic  ground  to  the 
geologists  of  Sweden.  Its  fossils  have  been  treated  of  in  turn 
by  Linna3us,  Wahlenberg,  Hisinger,  and  Angelin ;  and  the  sequence 
of  its  strata  has  engaged  the  attention  of  several  famous  scientific  men. 
Hifiinger's  tabulation  of  the  sequence  has  long  been  obsolete.  Angelin 
was  the  first  to  recognize,  with  some  approximation  to  correctness, 
the  grander  members  of  the  series,  and  to  indicate  their  characteristic 
fossils.  Since  his  day  much  has  been  added  to  our  knowledge  of  the 
lowest  beds  by  the  cautious  investigations  of  Dr.  Nathorst.  Dr. 
Tomquist  has  made  it  the  subject  of  two  valuable  papers,  and 
through  the  more  recent  researches  of  Mr.  Linnarsson  our  ideas  of 
physical  and  palaeontological  succession  are  likely  soon  to  be  tolerably 
complete.  His  former  paper,  published  in  1875,'  embodied  the  con- 
clusions drawn  from  the  data  collected  by  himself  in  a  tour  of  the 
district,  with  the  result  of  fixing  the  limits  of  the  chief  natural 
groups,  of  establishing  several  previously  unrecognized  subordinate 
divisions,  and  of  harmonizing  the  whole  with  the  general  succession 
in  other  districts. 

In  his  paper  of  1875,  the  nomenclature  of  the  Scanian  Proterozoio 

^  ObservatioftM  on  ihe  OraptoHte-bearing  Schiata  of  Scania.  By  G.  Linnai-sson 
(Jakttagelser  ofver  de  graptolitforande  skiffarne  i  Sk&ne),  GeoL  Foren.  Forbandl. 
StocUiolm,  1879,  No.  8,  pp.  227-258,  with  a  plate  of  sections. 

'  GeoL  Forens.  Fordh.  1875,  Bd.  II.,  No.  8. 
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Bocks  proposed  by  Linnarsson  was  as  follows,  in  descending  sao* 
cession : — 

12.  Upper  Graptolite  Schist.  6.  Lower  Graptolite  Schists. 

11.  Brachiopod  Schist  5.  Ceratopyge  Limestone. 

10.  Trinucleos  Schist.  4.  Dictyonema  Schists. 

9.  Chasmops  Limestone.  3.  Olenns  Schists. 

8.  Middle  Graptolite  Schist.  2.  Paradoxides  Schists. 

7.  Orthoceras  Limestone.  1.  Sandstones. 

According  to  Angelin's  previous  classification,  Nos.  8  to  12  were 
merged  in  the  single  group  of  the  Clay  Schist  Series,  No.  7  was  his 

•  ■  

Oland  Limestone,  and  Nos.  2  to  6  were  all  lumped  together  under 
the  general  name  of  the  Alum  Shales. 

Dr.  Tomquist,  in  the  year  following,  very  properly  proposed  to  do 
away  with  tlie  titles  of  Graptolite  Schist,  and  name  these  formations 
after  their  characteristic  genus.^  The  Lower  Oraptolite  Schists  be- 
came the  Fhyllograptus  Schists,  the  Middle  Graptolite  Schists  were 
altered  to  Licranograptus  Schists,  and  the  Upper  Graptolite  Schists 
were  broken  up  into  the  two  formations  of  the  Lohiferus  and  Betiolites 
Schists. 

In  the  present  paper,  Linnarsson  gives  a  complete  risumi  of  the 
results  of  his  carefiil  study  of  the  details  of  the  succession  of  the 
various  Graptolite  Schists  during  last  summer.  The  following  is  a 
condensed  summary. 

1.  Lower  Graptolite  Schists  (or  Fhyllograptus  Schists). 

Under  this  name  are  included  all  the  Graptolite-bearing  strata  that 
lie  between  the  Ceratopyge  and  Orthoceras  Limestones.  They  form 
a  single  zone  of  shale  or  laminated  beds  of  dull  dark  colours,  varying 
from  greenish-grey  to  black.  The  Graptolite  fauna  has  everywhere 
the  same  general  character,  consisting  almost  universally  of  various 
genera  of  the  great  family  of  the  Dichograptidce,  and  its  closest  ally 
the  PhyllograptidcB.  The  commonest  genera  are  Bidymograptvs, 
Tetragraptus,  IHchograptus,  Temnograpttts,  PhyUograptus ;  and  the 
most  abundant  species  are  identical  with,  or  representative  of,  those 
familiar  to  us  in  the  Skiddaw  and  Quebec  Groups — such  as  Didy^ 
mograptus  patulus,  Hall,  constr ictus,  Hall,  indentus,  Hall,  etc. ;  Tetra- 
graptus quadrihrachiatus.  Hall,  T.  Bryonoides,  Hall,  and  T.  Bigshyij 
Hall.   JDichograptus  is  rare,  but  Fhyllograptus  is  occasionally  abundant. 

The  author  points  out  the  identity  of  this  fauna  with  that  which  is 
characteristic  of  the  Arenig  in  England,  Wales,  and  Canada. 

2.  The  Middle  Graptolite  Schists  (or  Bicranograptus  Schists), 

To  these  the  author  has  devoted  much  labour,  and,  seconded  by 
Herr  Schmalensee,  of  the  Swedish  Survey,  has  succeeded  in  making 
out  the  entire  succession  among  them.  They  consist  everywhere  of 
shaley  beds  not  unlike  those  of  the  PhyUograptus  Schists,  from 
which  they  are  separated  by  the  great  Orthoceras  Limestone.  They 
are  rarely  or  never  seen  exposed  in  a  continuous  section,  but  with 
the  aid  of  investigation  of  the  natural  exposures,  and  by  means  of 
excavations  at  critical  points,  the  author  has  corrected  and  supple- 
mented Tdmquist's  labours,  and  is  able  to  render  a  fair  account  of  the 

*  Geol.  Forens.  Fordhl.  1876,  No.  10. 
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Bequenoe  both  physically  and  ecologically.     His  typical  section  is 
that  of  Sularps  Beck,  near  the  classical  locality  of  Fogelsang.     In 
the  Middle  Graptolite  Schists  here  investigated  Linnarsson  recog- 
nizes eight  saccessive  palaeontological  subdivisions  or  zones,  viz. : — 

(a,)  Zone  with  PhyUograptus  tyjms. 

Immediately  upon  the  OHhoceras  Limestone  lies  a  series  of  green 
and  black  shales  20  feet  in  thickness.  They  are  characterized  by 
Fhyllograptus  typus  (Hall?),  numerous  species  of  DidymograpiuSy  both 
patulous  and  with  parallel  branches,  and  representatives  of  Biplo' 
grapius  Hopkinsoni,  Mich.,  Climacogr,  confertus  or  C,  perexcavattiSf 
Lapw.,  and  CUm.  Scharenbergi,  Lapw. 

(b,)  Zone  with  IHdymograpiue  yeminus,  His. 

This  consists  of  a  black  sbale,  with  harder  beds  of  schist  No 
PhyUograpii  are  visible  in  this  zone,  which  is  characterized  by  the 
abundance  of  Didymograpius  geminuSf  His.,  in  association  with  a 
general  fauna  resembling  that  in  the  underlying  zone,  together  with 
IHplog.  foliaeeus,  Murch.,  and  the  genus  Corynoides,  Nich. 

(c.)  Zone  with  Olossograptus  JRncksi^  Hopk. 

This  zone  is  marked  by  a  species  doubtfully  referable  to  Olo88(h 
graphu  Stneksi,  Hopk.,  which  occurs  in  great  abundance.  Here  we 
find  the  first  trace  of  tbe  genus  Dicellograptus.  As  in  Wales,  the 
earliest  form  is  of  the  type  of  Dicello.  Moffatensis,  Carruthers.  The 
taning-forked-shaped  (Murchisoni-form)  species  of  Didymograpius 
have  all  vanished.   One  only  remains  with  widely  spreading  branches. 

(dJ)  Zone  with  Diplograptus  mucronatus  ?  Hall. 

In  this,  the  most  characteristic  fossil  is  a  most  peculiar  new 
(liprionidian  Graptolite,  with  characters  superficially  intennediate 
between  the  genera  Trigonograptm  and  Diplograptus,  With  this 
are  found  Diplograptus  foliaeeus^  Murch.,  Diplogr.  Hopkinsoni  f 
Mich.,  Diplograptus  teretiusculuSf  His.,  Climacograptus  caudatus  ? 
Lapw.,  Dicellograptus  sextans.  Hall,  Dicellograpt.  Moffatensis  f 
Carr.,  etc. 

(e.)  Zone  with  Climacograptus  Scharenbergi ,  Lapw. 

This  is  marked  by  the  abundance  of  the  species  after  which  the 
zone  is  named; — a  fossil  very  rare  in  the  underlying  zones.  Its 
associates  are : — Diplograptus  foliaeeus^  Murch.,  Diplograptus  Hop- 
hnsoni  ?  Mich.,  Diplograptus  teretiusculuSy  His.,  and  Didymograpius 
iwperstes  ?  Lapw. 

(/.)  Zone  with  Dicranograpius  Clinganiy  Carr. 

The  dark  and  pyritous  shales  that  make  up  this  zone  contain  here 
a  few  Disciniday  together  with  Diplograptus  foliaeeus,  Climaco- 
grapius  caudatus,  Lapw.,  and  Corynoides  calycularis,  Mich.  At 
Terrestadt  they  are  much  richer  in  these  fossils,  and  yield  in  addition — 
Licellograptus  Forchammeri,  Gein.,  Dicellogr.  Morrisi,  Hopk.,  Dicra- 
nograpius Clingani,  Carr.,  Climacograptus  hicornisy  Hall,  and  others 
of  the  same  genera,  Diplograptus  quadrimucronatus,  Hall,  and  a 
Bpecies  of  Zasiograpius. 

(g.)  Zone  of  Orthis  argentea. 

The  succession  among  the  Middle  Graptolite  Schists  is  closed  by 
a  series   of    thick-bedded   black    schists,  principally  chatactAinT.^^ 
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by  Orthxs  argentea.  His.,  and  an  undetermined  species  of  Climaeo* 
graptus. 

I  will  not  follow  the  author  into  the  discussion  of  the  relationship 
of  this  last  zone  to  the  Chatmops  and  Trinudeus  Shales,  but  will  stay 
for  a  moment  to  glance  at  his  attempt  to  parallel  these  Graptolitio 
Zones  with  their  extra-Swedish  representatives. 

He  does  not  definitively  assign  the  (a.)  Phyllograpius  Zone  either' 
to  the  Arenig  or  Llandeilo.     That  question  cannot,  indeed,  be  satis- 
factorily settled  until  we  know  more  of  the  Graptolites  of  the  Lower 
Llandeilo  and  Upper  Arenig. 

(b.)  The  Geminus  or  Mwrehisoni  Zone  he  rightly  assigns  most  em- 
phatically to  the  Lower  Llandeilo,  from  the  abundance  of  its 
characteristic  fossil,  which  also  occurs  in  millions  in  the  Lower 
Llandeilo  of  South  Wales. 

The  next  three  zones  he  parallels  confidently  with  the  Scotch 
Glenkiln  Shales,  or  Lower  Moffat.  At  the  time  his  paper  was 
published,  this  comparison  was  inevitable;  but  my  studies  of  the 
Graptolite-bearing  Llandeilo  rocks  of  South  Wales  lead  me  to 
suspect  that  my  Glenkiln  Shales  embrace  only  the  higher  zones  of 
the  beds  that  actually  lie  between  the  Ogygia-bearing,  or  so-called 
Middle  Llandeilo,  and  the  representatives  of  the  Hartfell  Shales; 
and  I  am  at  present  iuclined  to  the  opinion  that  his  zone  {e)  of 
Climaeograptus  Scharenbergi  actually  represents  the  whole  of  the 
Glenkiln  Shales,  the  zones  (c)  and  (d)  not  having  yet  been  recog- 
nized in  the  South  of  Scotland. 

His  reference  of  the  succeeding  Dicranograptus  CUngani  and 
Orthis  argentea  zones  to  the  general  horizon  of  the  Hartfell  Shales 
of  the  South  of  Scotland,  is,  and  will  always  probably  remain,  un- 
assailable. If,  however,  they  actually  antedate  the  Trinucleus 
Shales  of  other  districts  of  Sweden,  they  can  only  admit  of  com- 
parison with  the  Lower  Hartfell. 

It  is  at  present  a  matter  of  impossibility  to  parallel  these  Swedish 
beds  with  the  three  supposed  Welsh  formations  of  the  Arenig, 
Llandeilo  and  Bala.  The  Lower  Graptolite  Schists  and  the  Ortho- 
ceras  Limestone  are  distinctly  of  Arenig  age.  The  Murchisoni  Bed 
of  the  Middle  Graptolite  Schist  cannot  yet  be  assigned  either  to  the 
Arenig  or  the  Llandeilo.  Zones  b,  c,  and  d,  I  believe  to  be  Llandeilo, 
while  the  last  three  zones  are  probably  wholly  of  Bala  age. 

Upper  Graptolite  Schists  (Monograptus  Schists). — The  final  member 
of  the  Ordovian  or  Lower  Silurian  system  of  Sweden  is  the  Trinu- 
cleus Schist,  which,  though  the  two  have  never  actually  been  found 
in  physical  juxtaposition,  probably  overlies  the  argentea  zone.  The 
first  member  of  the  Silurian  proper  is  the  Brachiopod  Schist,  from 
which  Graptolites  are  wholly  absent.  This  is  followed  by  a  mass 
of  Graptolitic  Shales,  dark  and  finely  laminated  at  the  base,  but 
becoming  lighter  in  colour  and  occasionally  of  coarser  character 
higher  up.  The  lower  beds  as  exposed  in  Westrogothia,  etc.,  have 
been  denominated  by  Tornquist  the  "  Lobiferus  Schists."  Wherever 
they  occur  in  Scania  they  can  be  immediately  recognized  both  by 
their  marked  mineral  character  and  by  their  fossils.  From  these 
beds  Linnarsson  and  Schmalensee  have  procured  Bastrites  peregrinui. 
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Barr. ;  Monograptus  fimhriatus,  Nich. ;  Ifonograptus  cyphuSy  Lapw. ; 
M,  Sedgwicki,  Portlock  ;  M,  millepedia,  M*Coy ;  M,  leptotheca,  Lapw. ; 
M,  gregariusy  Lapw. ;  Diplograptus  pcUmeua,  Barr. ;  Diplograptus 
foliuitty  His. ;    and  Climacograptus  rectangularts,  M'Coy. 

These  beds  the  author  parallels  with  the  Birkhill  Shales  of  the 
South  of  Scotland  :  indeed  this  comparison  is  inevitable.  He  points 
oat  with  ^reat  effect  how  these  beds  are  trenchantly  separated  from 
the  Lower  and  Middle  Graptolite  Schists  by  the  complete  absence  of 
nearly  all  the  genera  of  Graptolites  that  occurred  within  them,  and 
the  complete  families  of  the  Dichograptidce  and  the  Dicranograptidce, 
while  they  are  themselves  characterized  by  the  abundance  of  the 
fiunily  of  the  Monograptidca,  which  here  makes  its  appearance  for  the 
first  time. 

The  higher  strata  (Eetiolitea  Beds  of  Tomquist)  of  the  Upper 
Graptolite  Schists  are  much  more  difficult  of  investigation,  and  their 
detailed  study  is  as  yet  far  from  being  complete.  They  are  generally, 
but  not  exclusively,  composed  of  greyish  schists,  more  light  than 
dark,  with  greenish  seams,  somewhat  thick-bedded  in  character, 
oocasionally  including  nodules  of  lime  or  marl.  Their  chief 
paladontological  characteristic  is  the  total  absence  from  them  of  all 
diprionidiaa  Graptolites  with  the  exception  of  Betiolites.  Among 
the  monoprionidian  forms  the  genus  Cyrtograptxis  occurs  here,  for 
the  first  time ;  Bastrites  however,  appears  already  to  be  extinct. 

No  physical  section  in  Scania  is  known  in  which  the  relationship  of 
the  Lobiferus  Beds  to  the  Betiolites  Beds  is  shown,  as  in  Westrogotbia. 
The  lowest  zones  of  the  Retiolites  Beds  are  probably  the  grey  shales 
of  Tosterup,  which  contain  Monograptus  crispus,  Lapw.,  in  association 
with  If.  lobiferuSy  M'Coy.  In  the  typical  Betiolites  Z?e(Z«  of  Tiirnquist, 
as  described  by  that  investigator,  at  Rostanga,  Ilerr  Schnialensee 
detected  Betiolites  Geinitzianus,  Barr.  ;  Monograptus  priodon,  Bronn. ; 
Monogr,  vomerinus,  Nich. ;  Cyrtograptus  Marchisoniy  Carr. ;  which 
mark  the  Retiolites  Skiffar  everywhere  in  Westrogotbia  and  Dalarne. 
Tliis  special  group  of  fossils  has  often  been  met  with  at  various 
spots  in  the  district,  both  in  beds  of  a  harder  and  of  a  softer  nature 
than  those  in  what  may  be  called  the  typical  locality.  The  strata 
that  afford  them  can  be  readily  distinguished  from  the  Lobiferus  beds 
below,  and  from  the  typical  Betiolites  Beds  above  (with  which 
Tomquist  united  them)  ;  and  may  be  regarded  as  forming  a  distinct 
and  separate  horizon. 

The  Betiolites  Beds  themselves  the  author  believes  to  be  separable 
into  two  main  groups :  (a)  the  strata  with  Monograptus  testis,  Barr. ; 
(h)  the  strata  with  Monograptus  colonus,  Barr. ;  though  this  is  as  yet 
not  absolutely  certain. 

At  Jerrestad  and  Tomarp  occur  dark  grey,  more  or  less  thiek- 
hedded  schists,  resembling  the  Betiolites  schists  of  Dalarne  (Turnquist's 
Spheroid- Schists).  In  these  the  commonest  fossil  is  Monograptus 
itstis,  Barr.  Its  usual  associates  are  Monograptus  colonus,  Barr.  (or 
Odaensis,  Lapw.),  Monogr,  priodon,  Bronn.,  and  a  Cyrtograptus. 
These  beds  form  the  author's  **  Strata  with  Monograptus  testis." 
The  beds  that  have  the  widest  geographical  distributiou  in  ScaxiVai 
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are  the  author's  ''Strata  with  Monograptus  colomUf  Barr**  They 
consist  as  a  rule  of  grey  or  greenish,  irregular,  tolerably  thiok-bedded 
and  often  calcareous  schists,  with  obscure  traces  of  fossils.  The 
commonest  form  is  Monograptus  colonus,  Barr.,  M.  sp.  nov.  resembling 
M,  conctnntiSf  Lapw.,  and  (me  or  two  additional  species. 

The  most  characteristic  fossil  of  these  beds,  however,  is  Cardtcla 
interrupta^  Brod.  These  ''Colonus  beds"  are  easily  distinguished 
from  the  underlying  strata  by  their  physical  peculiarities,  and  are, 
according  to  Linnarsson,  in  all  probability  the  highest  Silurian  strata 
in  Scania.  He  believes  that  they  are  of  younger  age  than  any  of  the 
Silurian  beds  of  Westrogothia  and  Dalame.  Many  of  the  fossils  of 
the  '*  Strata  with  M.  testis,'*  and  the  ''  Strata  with  If,  coUmus^**  are 
met  with  in  the  Biccarton  beds  of  the  South  of  Scotland,  and  with 
these,  rather  than  with  the  certainly  older  Gala  group,  the  author  is 
inclined  to  parallel  them. 

With  respect  to  his  so-called  Lobiferus-Beds,  I  am  inclined  to 
think  that  they  are  of  much  greater  systematic  value  than  Linnarsson 
is  apparently  willing  to  consider  them.  To  judge  from  the  specimens 
of  these  beds  I  have  actually  seen,  I  am  inclined  to  parallel  their 
most  prolific  zone  with  the  base  of  Upper  Birkhill  or  top  of  Lower 
Birkhill,  where  the  true  M,  lobiferus  of  M*Goy  is  abundant  and 
characteristic,  as  indeed  are  all  the  fossils  of  the  typical  Lobiferus  beds. 
There  are,  however,  in  the  British  Yalentian  or  Llandovery  rocks 
great  thicknesses  of  fossiliferous  strata  both  above  and  below  this 
special  horizon.  It  is  not  unlikely  that  the  Brachiopod  Schists  stand 
in  the  place  of  the  Lowest  Llandovery,  and  therefore  of  the  lowest 
beds  of  the  Birkhill.  But  where  is  the  Swedish  representative  of  the 
great  Gala  group  of  South  Scotland  and  the  Tarannon  of  Wales  ? 
This  highest  Yalentian  formation  swarms  with  what  may  be  called, 
for  the  sake  of  illustration,  varieties  of  M.  lobiferus^  such  as  M, 
exiguus,  Nich.,  and  M.  Becki,  Barrande.  These  oocur  in  millions 
in  the  Gala  Group  and  the  Tarannon  of  North  Wales,  with  a  slight 
intermixture  of  true  Wenlock  forms,  such  as  Eeiiolites  Geinitxiantu 
and  Monograptus  priodon.  I  am  at  present  inclined  to  the  opinion 
that  the  Swedish  geologists  will  find  these  Tarannon  beds  in  the 
highest  stages  of  their  Lobiferus  Schists,  as  well  as  in  the  grey 
M.  Crispus  shales  of  Tosterup.  I  look  forward  with  confidence  that 
in  the  event  of  their  discovery,  they  will  be  found  to  be  characterized 
by  similar  lobiferous  species. 

Linnarsson's  discovery  of  the  Zone  of  Cyrtograptus  Murchtsoni  in 
Sweden  is  indeed  a  matter  of  great  interest,  lliis  zone,  never  many 
i'eet  in  thickness,  forms  the  basal  bed  of  the  Wenlock  formation  in 
Britain.  I  have  traced  it  at  the  base  of  the  Wenlock  of  Builth,  in 
Shropshire,  in  North  Wales,  and  in  the  Lake  District,  holding 
invariably  the  same  stratigraphical  position,  and  affording  precisely 
the  same  fossils.  This  enables  us  to  fix  the  immediately  superior 
Swedish  strata  as  of  true  Wenlock  age. 

Tliough  I  know  of  at  least  two  newer  zones  in  the  Wenlock- 
Ludlow  or  Salopian  strata  of  Britain,  I  have  never  recognized  any- 
thing that  can  be  strictly  paralleled  with  Mr.  Linnarsson's  Zone  of 
Monograptus  testis,  Barr. 
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As  I  treat  elsewhere  ^  of  the  details  of  the  correspondence  between 
the  Tarious  Ghraptolitic  zones  of  Britain  and  foreign  countries,  it  will 
be  annecessary  for  me  to  go  more  fully  into  the  subject  in  this 
place.  I  trust,  however,  that  the  foregoing  sketch  will  make  it 
evident  how  greatly  geologists  are  indebted  to  the  author  for  the 
wide  extent  and  minute  accuracy  of  his  researches,  and  the  cautious 
and  conscientious  manner  in  which  he  has  drawn  his  important  and 
far-reaching  generalizations. 

{To  be  concluded  in  <nir  next  Number,) 


Beport  on  thb  Fossil  Fi<oba  of  Sheppky.'  By  Dr.  Constantik 
Bason  Ettinoshauskn,  Professor  in  the  University  of  Graz, 
Austria. 

ONE  of  the  most  important,  if  not  the  most  important,  locality  for 
the  Eocene  Flora  of  Great  Britain,  and  perhaps  of  the  Tertiary 
formation  generally,  is  the  London  Clay  of  the  Isle  of  Sheppey,  in 
which  are  found  great  numbers  of  plant  remains  belonging  to  many 
different  kinds  of  fossil  fruits  and  seeds.  After  an  examination  of 
the  rich  collection  in  the  British  Museum,  I  feel  now  sure  that  we 
possess,  in  the  fruits  and  seeds  of  Sheppey,  the  key  to  a  more  precise 
determination  of  many  of  the  genera  and  species  of  fossil  plants 
which  in  other  localities  are  known  only  by  their  leaves. 

The  literature  of  the  Sheppey  fruits  is  not  very  extensive  ;  a  detailed 
account  of  all  the  works  relating  to  it  is  published  in  the  Palaeonto- 
graphical  Society,  1879,  p.  11,  Sir.  Gardner's  "  Introduction  to  our 
Monograph  on  the  British  Eocene  Flora."  The  only  work  on  this 
subject  with  scientific  determinations,  and  which  need  here  be  referred 
to,  was  published  in  the  year  1840  by  James  Scott  Bowerbank.  and  is 
entitled  **  A  History  of  the  Fossil  Fruits  and  Seeds  of  the  London 
Clay.  "  He  enumerates  twelve  genera,  which  are  divided  by  him  into 
nine  families.  The  genera  are  as  follows  :  Nipadites,  Iltghtea,  Fetro- 
philoides,  CupressiniteSf  CupanoideSj  Tricarpellites,  Weiherellia,  Cucu- 
mites,  Faboidea,  Leguminosites,  MimositeSf  Xulmosprionites,  Of  these 
only  one  (Nipadites)  belongs  to  the  Monocotyledons,  and  one  (Cupres- 
nnites)  to  the  Gymnosperniae,  while  the  rest  are  Dicotyledons. 

I  am  now  able  materially  to  advance  the  knowledge  of  this  Flora. 
Since  my  investigation  in  the  course  of  the  winter  1878-9,  at  the 
British  Museum,  I  have  ascertained  that  the  Fossil  Flora  of  Sheppey 
contains,  including  those  above  mentioned,  at  least  72  genera  and 
200  species,  which  may  be  distributed  into  41  families.  Of  these 
genera  one  belongs  to  the  Thallophyta,  7  to  the  Gymnosperniae,  18  to 
the  Monocotyledons,  43  to  the  Dicotyledons,  and  3  are  indeterminable. 

The  existence  of  this  Flora  and  generally  of  the  Eocene  Flora  of 
Great  Britain  required,  we  believe,  at  least,  a  sub-tropical  climate.  This 

*  Lopworth. — Geological  Distribution  of  the  Rbabdophora,  Annals  and  Nag.  Nat, 
Hist.  1879. 

*  Abstract  of  the  Proceedings  of  the  Bojal  Society,  Nov.  27, 1879. 
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\%  indicated  by  many  of  the  Ferns  and  Palms,  and  by  the  Musaoese, 
PandansB,  Cinchonacese,  Loganiacesd,  SapotacesB,  Ebenacead,  Biittneri- 
aoea9,  Sapindacead,  etc. 

Only  a  part  of  the  fossil  fruits  and  seeds  of  Sheppey  can  be  placed 
in  living  genera ;  but  with  regard  to  the  rest,  forming  a  considerable 
proportion,  it  has  been  found  impossible,  notwithstanding  a  careful 
comparison.  I  therefore  assume  that  some  of  the  fruits  and  seeds 
belong  to  genera  which  no  longer  exist  in  the  present  Flora  of  the 
world.  In  several  of  these  extinct  genera,  however,  I  recognize  their 
affinity  with  living  genera,  or  at  least  determine  the  family  to  which 
they  belong.  I  have  expressed  this  in  the  name  of  the  genus.  But 
with  many  even  that  was  impossible,  and  these  I  have  placed  in  the 
mean  time  under  the  provisional  name  Carpolithes.  It  is  an  important 
fact  that  the  number  of  such  extinct  forms  is  relatively  much  larger 
than  it  is  in  any  of  the  already  known  Miocene  Floras.  I  have  also 
discovered  fruits,  but  chiefly  leaves,  belonging  to  many  of  the  genera 
of  the  Sheppey  Flora  in  the  Fossil  Floras  of  Bournemouth  and  Alum 
Bay  in  the  collections  of  tlie  British  Museum,  and  that  of  Mr.  John 
Stark ie  Gardner,  indicating  that  in  age  these  are  not  far  removed.  It 
is  well  known  that  the  Sheppey  Flora  preceded  the  other  two.  The 
genera  which,  I  feel  sure,  are  common  to  Sheppey  and  Bournemouth 
are :  Spharia,  Sequoia,  Cyperitea,  SmilaXf  Sabal,  Iriartea,  Aronium, 
Quercus,  Juglans,  Liquidambar,  Froteoides,  Laurus,  Nyssa,  Cinchoni^ 
dium,  Apocynophyllvm,  SapoiadieSy  IHospyros,  Magnolia^  Acer  Sapin* 
du8j  Cupania,  Eugenia,  Eucalyptus,  Metrosideros,  and  Bauhinia. 

I  believe  that  even  some  species  of  these  genera  are  the  same  in 
both  Floras.  It  is  surely  probable  that  the  fruitsand  seeds  of  Sheppey 
were  related  to  the  leaves  found  at  Bournemouth  and  Alum  Bay ;  and 
it  would  be,  therefore,  undesirable  always  to  propose  separate  specific 
names  for  the  related  fossils  found  in  these  different  localities. 

Among  the  plant-fossils  of  Bournemouth  and  Alum  Bay  I  also 
found  many  leaves  wliich  I  could  not  class  with  existing  genenu 
There  is  probability  that  these  partially  correspond  with  the  extinct 
fruit-  and  seed-genera  of  Sheppey. 

Before  I  enumerate  the  genera  and  species  of  the  Fossil  Flora  of 
Sheppey,  I  have  to  remark  as  follows : — 

Amongst  the  Sheppey  fossils  are  now  and  then  found  fragments  of 
the  basis  of  the  leaf  of  a  Palm,  probably  of  Sabal  major.  On  such  a 
fragment  I  found  the  apothecia  of  a  Sphceria.  Of  the  Gymnospermsd 
of  Slie2)pey  there  were  found  fruits  and  seeds  of  the  Sequoia  Bower- 
hankii,  also  fragments  of  twigs.  The  seeds  of  the  Cupressiiieod  and 
AUetinea  had  lost  their  wing-like  expansions,  which  shows  that  the 
fruits  and  seeds  of  Sheppey  were  carried  some  distance  in  water,  con- 
sequently their  delicate  membranous  wings  were  injured  and  broken 
off  by  rubbing.  There  are  therefore  no  perfect  winged  fruits  and 
seeds  to  be  found.  In  fact,  even  the  firmer  wings  of  the  Acer-fruit 
have  been  entirely  lost,  and  it  is  impossible  to  determine  the  species 
of  the  Acer-nucules,  which  remains. 

The  appearance  of  the  Salisburia  seeds  is  interesting.  They  are 
very  remarkable   for  their  sharp,   prominent  edge.     The    easily- 
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determinable  leaves  of  this  genus  have  not  as  yet  been  foond  in  the 
Eocene  Flora  of  Great  Britain. 

The  Agave  is  indicated  by  a  valve  of  its  fruit ;  Smilax,  of  which 
leaves  are  not  unfrequently  found  at  Bournemouth,  is  indicated  by  a 
berry.  Of  Musa,  of  which  only  leaves  had  as  yet  been  found,  there 
are  seeds.  Of  Amomum,  two  kinds  of  fruit  have  been  found.  These 
have  hitherto  been  mistaken  for  smaller  fruits  of  the  Nipaditea,  Of 
particular  interest  are  the  many  species  of  Palms.  The  fruits  and 
seeds  of  some,  for  instance,  Sabal  majors  Trinax  Bowerbankiif  EUtts 
eoceniea,  Iriartea  airiatay  Livistona  eocenica,  have  been  found.  Of  the 
Sabal  and  Iriartea  the  leaves  are  found  at  Bournemouth.  The  JSlaia 
eoeenica,  the  most  common  Palm  of  the  Sheppey  Flora,  is  nearly 
allied  to  the  E.  melanococcay  and  the  Livistona  eoceniea  to  the  L» 
ekineneie. 

I  do  not  yet  know  whether  the  Aroidea  seed,  which  I  have  placed 
in  Aronium,  might  be  united  with  the  Aroidea  leaf  of  Bournemouth. 
On  the  other  hand,  I  think  it  is  very  likely  that  some  of  the  kinds  of 
oak  fmits  correspond  with  some  of  the  kinds  of  oak  leaves,  which  are 
to  be  met  with  at  Bournemouth.  Two  of  the  Bournemouth  species 
are  also  found  in  the  Miocene  Flora,  and  one  of  these,  Quercus  lonchitis, 
also  in  other  Eocene  Floras. 

A  small  nut  shows  all  the  characters  of  the  Chrylus,  which  is 
found  in  the  Miocene  Flora.  The  absence  ofFagm  is  very  remarkable, 
as  two  kinds  of  leaves,  which  can  only  belong  to  this  genus,  have 
Iteen  found  in  Bournemouth.  Fagus  is  frequently  found  in  the 
Miocene  and  Post-Tertiary  formations,  and  also  in  the  Cretaceous 
formation,  and  I  believe,  therefore,  that  it  may  still  be  found  in 
Sheppey. 

The  fruit  of  Liquidamhar  from  Sheppey  may  belong  to  the  same 
species  as  the  inflorescence  of  Liquidamhar,  which  I  found  amongst 
the  fossils  of  Bournemouth.  The  berry  oi Laumsy  which  I  have  found 
amongst  the  Sheppey  fruits,  is  placed  by  me  in  Lauriis  Lalages,  the 
leaves  of  which  have  been  not  only  found  in  Bournemouth,  but  also 
in  the  Austrian  Eoceue  (Sotzka,  Haering),  where  they  occur  associated 
with  berries. 

The  occurrence  of  a  species  of  Nyssa^  I  think,  may  be  also  accepted 
for  the  Bournemouth  strata.  Of  the  Proteaceae,  besides  PetrophiloideSy 
a  see^l  belonging  to  the  Proteae  occurs,  perhaps  corresponding  with 
the  leaf  which  I  have  seen  among  the  fossils  of  Alum  Bay.  In  Bourne- 
mouth and  Alum  Bay  were  found  the  seeds  of  some  other  Proteaceio 
which  are  not  in  Sheppey,  as  they  have  delicate  wings.  Some  of  the 
cones  referred  by  Bowerbank  to  Petrophiloidea  belong  to  Sequoia. 

The  Gamopetaloe  are  represented  by  many  genera,  of  which  almost 
all  appear  also  in  the  Miocene  Flora.  The  fruit  of  Cinchonidiinn  of 
Sheppey  and  the  leaves  of  a  species  of  Cinchonidium  from  Bournemouth 
may  belong  together.  I  accept  the  same  for  the  Apocynophyllum  fruit 
of  Sheppey  and  the  corresponding  leaf  of  Bournemouth.  This  last 
accords  in  all  its  characters  with  A,  Benssi,  which  also  appears  in  the 
fossil  Flora  of  Sagor.  But  1  have  not  found  up  to  the  present  time, 
iu  the  Eocene  Flora  of  Great  Britain,  any  leaf  belonging  to  l\i^  CiW- 
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racteristio  genus  Strychnoi,  the  seeds  of  whioh  are  met  vritb  at 
Sheppey. 

Of  the  Sapotaoead  there  are  two  speoies  of  seeds,  which  perhaps 
correspond  with  two  species  of  SapotaoesB  leaves  of  the  Bonmemoath 
Flora.  One  of  these  extends  throughout  in  the  Tertiary  Flora ;  the 
other,  on  the  contrary,  seems  to  be  peculiar  to  the  Eocene  Flora. 
Also  peculiar  to  this  Flora  are  two  species  of  JXoBpyroi,  which  are 
common  both  to  Sheppey  and  Bournemouth. 

The  species  of  Symplocoa  is  common  to  Sheppey  and  Sagor.  In 
these  two  localities  the  putamen  of  this  species  were  found.  In  cor- 
responding abundance  are  represented  the  Dialypetal».  They  are 
specially  characteristic  of  the  Eocene  Flora  in  general,  and  of  the 
Sheppey  Flora  in  particular.  To  the  first  belong  species  ofMagnoHOf 
Eugenia,  Sapindw,  Metronderos,  and  Bauhinia,  whose  leaves  or  fruits 
are  to  be  found  associated  together  in  Bournemouth.  To  the  last 
belong  the  genera  Menispermacites,  Victoria,  TkUupidium,  Corehoritetp 
Theohroma,  Lawaonia  ;  and  species  of  Tllicium,  Nelmmbiumy  Cueumites, 
Coioneaaier,  Prunus,  Amygdalua,  Podogonium,  eta  Belonging  also  to 
other  Eocene  Floras  and  to  the  Miocene  Flora  we  have  here  only  the 
Dialypetalous  plants,  Nelvmhium  Buchii,  and  Euc(dypiu$  oeeanica. 

Amongst  the  fruits  and  seeds  of  Sheppey  we  find  also  some  speoies 
of  herbaceous  or  tender  plants  whose  leaves  would  not  be  preserved 
in  the  Tertiary  strata.  To  these  belong  the  seeds  of  Sclanitea,  Menis' 
permitea,  Cucumiies,  the  fruits  of  Tklaspidium,  and  of  CorchoriteM. 

And  in  conclusion  I  desire  to  express  my  thanks  to  the  Boyal 
Society  for  the  important  assistance  it  has  rendered  me  by  the  grants 
from  its  funds  by  which  I  have  been  enabled  to  prosecute  my  investi- 
gations in  England ;  and  for  personal  assistance  in  this  work  I  desire 
to  record  my  indebtedness  to  Sir  Joseph  Hooker,  O.B.,  Dr.  Henry 
Woodward,  F.RS.,  Mr.  William  Carruthers,  F.R.S.,  and  Mr.  John 
Starkie  Gardner,  F.G.S.,  etc. 

The  descriptions  and  illustrations  of  the  species,  here  enumerated, 
will  appear  in  the  Monograph  now  in  course  of  publication  by  the 
Palaeontographical  Society. 

Oenera  and  Species  of  the  Foeeil  Fruits  and  Seeds  of  Sheppey. 

Thallophtta. 
Spharia,  1  sp. 

Gtmnospxbub. 

Cupre$nnea. — CalliirU  {(}upr$$tinitet,  c.  Bowerb.),  2  sp.  SolenoUrobut  (CV^^m- 
iinites^  s.  Bowerb.},  4  sp.  Hybothya  {CuprMtiniUs,  c.  Bowerb.),  1  sp.  OupreuimiUMf 
Bowerb.,  4  sp. 

Abietinm, — Sequoia  {Petrophilides,  Bowerb.),  1  sp.     Finus,  1  sp. 

Tazinea, — Saiisburia,  1  sp. 

HONOCOTTLSOOmB. 

Cyperaee€B, — Cyperitu,  1  sp. 
Lilificea. — Agave,  1  sp. 
Smilaeea. — Smilax,  1  sp. 
Najadea, — Caulinites,  1  sp. 
Muiocea, — Muia,  1  sp. 
Zingiberaeea, — Amomum,  2  sp. 
Pandanem. — Ifipa^  6  sp. 
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Balmm. — (Umoettrpus^  1  wp,    Artea^  2  ip.    IrutrUa^  2  ip.    Livut^na^  1  sp.    8ahoU 
i  w^.  Ckamttrapa,  1  sp.  TViuiSf  1  sp.  BaetriSf  1  sp.  Atterocaryum^  1  §p.  £iait,  1  sp, 
Aroidtm. — Aronium,  I  sp. 

DlCOTTLSDOICBB. 

Afbtaub. 

Cupnliftrm. — Qttertm,  8  sp.     C^/tM,  1  sp. 

JugUmdue. — Juglmu,  1  sp. 

Kupkorhiaeea. — EuphorHophyUun^  1  sp. 

BaUvimJlum. — Liquidambar^  1  sp. 

Pt-ottacea. — Fstrophilouiet,  1  sp.     iVo^#oute,  1  sp. 

Laminsa. — Lmunu,  1  sp. 

Nfett^inuB.'-^NpsMa,  I  sp. 

Gakopbtals. 

OffieA0«««MS. — dMehonidium,  1  sp. 
loganiaeem. — Stryeknot^  1  sp. 
Jpotynaeta. — ApoeytutphyUum^  1  sp. 
8olanac$m. — Soimnitet,  1  sp. 
SMpttUeem,  SapoUeitu^  2  sp. 
Ekemaeem. — Dio9pyrot,  2  sp. 
Sjfmploetm, — Symplocot,  1  sp. 

DlALTPSTAUB. 

Kenitpermaeem. — MenitpermaeiUt,  1  qp. 
KttgwoHaeea. — Magnolia^  1  sp.  Itticimmy  1  sp. 
CVvri/rrie. — TMa^pidiumy  1  sp. 
iTympAMMefie. — Nelvmbiwn,  2  sp.      Vi&i^rui,  2  sp. 
Cmtrbiiae§€R, — OucHmitet^  1  sp. 
Buttfuriaeea, — 77^6roma,  2  sp. 
M'llvaeea. — Hight§a,  8  sp. 

Tiliaeue, — Apeiboptis  {Cueumitetj  Bowerb.),  1  sp.     Corehoritei,  2  sp. 
Aeerinea. — Acer  sp. 

Sapindaeea. — Supindus,  1  sp.     Cupania  {CupatioidM,  Bowerb. )»  8  sp. 
Myrtaeea. —  Eugenia^  1  sp.     JSuealyptus^  1  sp.     Metrosidcros,  1  sp. 
L^thrariea. — Latpsonia,  1  sp. 
Fomacea. — Cotoneaiter,  1  sp. 
AmygdaliKB, — Prmius,  2  sp.     Amyydalm,  2  sp. 

Papiliatuieea. — Fodoffonium,  1  sp.     Bauhinia,   1    sp.     Faboidea,   26    sp.     Xe'^M- 
minotites,  18  sp.     Xulinosprtoniletf  2  sp.     Mitnoiitei^  1  sp. 

PLANTiB  INCB&TJB  8EDI8. 

fTethcrellia,  1  sp.      TricarpelliteM^  7  sp.     Carpolithei,  37  sp. 


E.E^V"IE"W^S- 


Geolooy  op  the  Provinces  of  Canterbury  and  Westland, 
New  Zealand.  By  Julius  von  Haast,  Ph.D.,  F.R.S.  (Christ- 
church,  1879.) 

THIS  report  is  the  result  of  a  series  of  explorations  carried  on  by 
Dr.  Haast  from  1860  to  1876,  and  embodies  in  a  condensed 
form  a  description  of  the  chief  geological  and  physical  features  of 
the  provinces  of  Canterbury  and  Westland  in  Southern  New  Zealand. 
Owing  to  the  other  official  duties  of  the  author  as  Director  of  the 
Canterbury  Museum  interfering  with  the  continuous  preparation  of 
the  work,  the  publication  has  been  unavoidably  delayed. 

It  is  divided  into  three  parts — the  first  part,  on  the  progress  of 
the  geological  survey,  contains  a  descriptive  account  of  the  various 
journeys  in  different  parts  of  the  provinces,  pleasantly  written  and 
in  a  popular  form,  so  that  the  general  reader  may  obtain  a  great  deal 
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of  information  on  the  physical  geography,  geology,  zoology,  and 
botany  of  the  region,  than  purely  scientific  reports  can  generally 
convey  to  him ;  at  the  same  time  he  will  fully  appreciate  (from  the 
details  given)  the  dangers  and  difficulties  of  a  field  geologist  who 
seeks  his  way  in  an  unknown  country  without  a  map  to  guide  or 
information  to  assist  him.  However,  the  grand  scenery  traversed, 
as  partly  illustrated  by  the  series  of  lithographs  inserted  in  the  work, 
the  interesting  glacial  and  other  phenomena  observed,  the  diversity 
and  beauty  of  the  flora,  must  have  partly  compensated  for  the 
arduous  labours  incident  to  these  explorations.  Although  many 
details  are  given  in  the  first  part  as  to  the  physical  aspect  of  the 
Southern  Alps,  the  physical  geography  of  the  provinces  is  more 
specially  described  in  the  second  part,  which  treats  of  the  orogra- 
phical  features  and  the  nature  and  extent  of  the  glaciers,  rivers, 
lakes,  and  plains. 

The  Southern  Alps  (the  principal  watershed  of  which  is  the 
boundary-line  between  the  two  provinces)  form  part  of  the  high 
longitudinal  chain  running  from  S.W.  to  N.E.,  and  constitutes  the 
main  axis  and  characteristic  feature  of  New  Zealand.  They 
consist  almost  entirely  of  Palsdozoic  rocks  (the  granitic  axis  is 
only  exposed  in  Westland),  thrown  in  large  steep  folds,  which  have 
been  so  much  denuded,  that  the  synclinals,  or  lower  portions  of  the 
folds,  now  form  the  summits  of  the  mountain  ranges,  whilst  the 
valleys  are  generally  formed  along  the  anticlinals  or  saddles.  It  is 
partly  owing  to  the  orographical  features  that  the  climate  on  both 
sides  the  Alps  has  been  so  remarkably  modified.  The  western 
side  falls  almost  precipitously  towards  the  sea,  while  the  eastern 
side  slopes  down  much  more  gradually.  Extensive  fields  of 
perpetual  snow  repose  on  the  slopes,  from  which  large  glaciers 
descend  far  into  the  valleys,  but  the  snow-line  on  the  western  side 
of  the  Alps  is  much  lower  when  compared  with  the  eastern  slopes, 
owing  to  the  far  greater  rainfall  on  that  side.  "  This  difiference  is 
well  exhibited  by  the  great  Tasman  glacier,  which,  although  of  much 
larger  dimensions  than  the  Francis  Joseph  glacier,  yet  descends  only 
to  2456  feet  above  the  sea-level,  whilst  the  latter  reaches  more  than 
1700  feet  lower,  namely,  to  705  feet  above  the  sea." 

The  third  part  is  devoted  to  the  geological  structure,  and  consists 
of  a  series  of  chapters  containing  descriptions  of  the  extent,  character, 
and  position  of  the  rocks  and  strata  which  Dr.  Haast  has  recognized 
as  occurring  in  the  provinces.  Local  names  are  applied  to  most  of 
the  formations,  and  which  are  considered  respectively  to  represent, 
the  Azoic,  Silurian,  Carboniferous?,  Cretaceo-Tertiary,  Miocene, 
Pliocene,  Quaternaiy,  and  Recent  periods. 

In  the  chapter  on  economical  substances,  it  is  noticed  that,  though 
gold  and  some  other  metallic  ores  occur  in  Westland,  the  geologi^ 
features  of  the  Canterbury  province  are  not  favourable  for  their 
presence.  Although  the  older  Coal-measures  similar  to  those  of 
New  South  Wales  are  wanting,  extonsive  and  valuable  beds  of 
brown  coal  occur  in  the  Waipara  (Cretaceo-Tertiary)  and  Oamam 
(Miocene)  formations,  especially  in  the  former.    The  chapters  on 
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e  Great  Glacier  formation  and  the  Quaternary  and  Recent  periods 
ill  interest  the  gladalist  and  anthropologist;  the  latter  section 
Bats  of  the  first  appearance  of  man  in  the  island,  the  occurrence  of 
oa  bones  and  the  extinction  of  the  DinomithidsB,  and  a  notice  of  the 
ipoaits  at  Olenmark,  which  have  yielded  the  largest  quantity  and 
iriety  of  Moa  bones. 

This  work  will  form  a  useful  guide  to  the  geological  structure, 
onomical  products  and  general  character  of  the  provinces  described, 
hile  much  interest  and  instruction  will  be  derived  from  the  vivid 
»cription8  of  the  grand  scenery  of  the  Southern  Alps,  whose 
resent  physical  features  have  chiefly  originated  or  been  greatly 
odifled  (see  p.  173)  during  the  great  Ice  Period,  when  glaciers  far 
ore  extensive  than  the  present  ones  descended  and  spread  over  the 
»wer  regions  (as  shown  in  Map,  pi.  ii.),  disintegrating  and  denuding 
le  contorted  and  elevated  crystalline  rock  and  other  formations, 
onring  out  the  valleys,  and  transporting  the  morainic  matter  far 
id  wide^the  extensive  distribution  of  which  fully  indicates  the 
»rmer  more  powerful  and  long-continued  action  of  the  Post- Pliocene 
laciers.  ''The  action  of  the  giant  ice  ploughs,  as  we  may  call 
lese  glaciers,  has  essentially  assisted  in  preparing  the  lower  regions 
>r  the  use  of  man,  since  by  it  the  narrow  valleys  have  been 
widened,  the  rugged  mountains  rounded  off,  and  large  plains  have 
een  formed  "  (p.  189).  The  report  also  contains  a  geological  map 
ad  numerous  sections,  illustrative  of  the  third  part,  as  well  as  a 
aries  of  lithographs,  representing  the  finest  scenery  in  Canterbury 
nd  Westland.  J.  M. 

I^ESI^OI^a?s  .A^nsriD  :PI^ocEElI5I3S^C3-S- 

Geologioal  Society  op  London. 

I.— November  19, 1879.— Henry  Clifton  Sorby,  Esq.,  F.R.S.,  Presi- 
lent,  in  the  Chair. — The  following  communications  were  read  : — 

1.  "  Supplementary  Note  on  the  Vertebras  of  Omithopais,  Seeley 
^Eucameroiua,  Hulke)."     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

The  author  in  this  communication  describes  several  cervical  and 
rank  vertebrae  of  this  remarkable  Dinosaur.  The  former  are  cba- 
acterized  by  great  length ;  the  anterior  articular  surface  is  strongly 
5onvex,  and  the  posterior  correspondingly  hollow.  In  place  of  the 
lide  chamber  characterizing  the  trunk  vertebral  centra,  is  a  long 
jballow  pit.  An  upper  and  a  lower  transverse  process  are  given  off 
^rom  an  upper  and  a  lower  plate,  which  project  from  the  side  of  the 
lentram  above  the  pit,  and  these  are  connected  by  a  short,  forked 
cervical  riblet.  The  neural  arch  is  dwarfed,  and  there  is  no  spinous 
process,  and  no  zygosphenal  and  zyganteal  mechanism.  The  struc- 
ture of  these  vertebraa  indicates  a  long,  mobile,  and  light  neck.  In 
the  trunk  the  convexity  of  the  anterior  articular  surface  lessens  in 
passing  from  the  neck  to  the  loins,  the  anterior  ball  gi*adually  sub- 
siding till  the  great  articular  surface  becomes  plane,  the  posterior 
Rurface  retaining,  however,  a  slight  hollowness.  The  trunk  vertebraa 
liave  superadded  to  the  ordinary  articular  processes  a  mechanism. 
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comparable  to  zyfi;08phene  and  zygantrum,  wbioh  mnst  have  given 
great  fixity  to  this  part  of  the  vertebral  ooluran,  contrasting 
strongly  with  the  flexibility  of  the  neck.  The  longitudinal  side 
chambers  reach  their  greatest  development  in  the  vertebne  refer- 
able to  the  fore  part  of  the  trunk  ;  they  lessen  toward  the  loins,  and 
are  absent  from  the  neck,  which  is  regarded  as  conclusive  of  their 
pneumaticity,  and  against  their  having  been  occupied  by  cartila- 
ginous and  fatty  tissues,  which  might  have  equally  occurred  through 
the  whole  length  of  the  vertebral  column,  and  not  been  limited  to  a 
particular  region  in  close  vicinity  to  the  lungs.  The  whole  con« 
struct  ion  affords  a  notable  illustration  of  immense  bulk  attained 
with  the  use  of  the  smallest  quantity  of  bony  tissue,  which  occurs 
in  the  form  of  very  thin  sheets  or  plates.  The  tranaverse  and 
spinous  processes  are  strengthened  by  flying  buttresses.  The  vault 
of  the  neural  canal  is  beautifully  groined*  whence  the  original  name 
Eticamerotm.  The  author  then  pointed  out  the  family  resemblances 
between  this  Isle-of- Wight  Wealden  form  and  the  new  Colorado 
Dinosaurs,  which  have  many  points  in  common,  but  are  both  gene* 
rically  and  specifically  distinct  from  OmithopM, 

?.  '-  On  the  Concretionary  Patches  and  Fragments  of  other  Bocki 
Bom(>tiines  contained  in  Granite."     By  J.  A.  Phillips,  Esq.,  F.G.S. 

Patolies  resembling  fragments  of  other  rocks  frequently  occur  in 
granite,  sometimes  angular,  sometimes  rounded,  sometimes  with 
clearly  defined  boundaries,  sometimes  melting  away  into  the  surround- 
ing in  ass,  generally  finer  in  grain  than  the  latter.  After  a  sketch 
of  the  literature  of  the  subject,  the  author  described  the  results  of 
cheniicjil  and  microscopic  investigations  of  these  patches  in  the 
granites  of  Cornwall,  Shap  Fell,  Aberdeen,  Peterhead,  Fort  William, 
and  North-eastern  Ireland.  There  are  two  classes  of  inclusions, 
(1)  tlie  result  of  the  abnormal  aggregation  of  the  minerals  consti- 
tuting the  granite  itself,  containing  generally  more  plagioclastic 
felR))ar,  mica,  or  hornblende  than  it,  with  some  other  distinctions : 
most  probably  concretions  formed  contemporaneously  with  the  soli- 
dification of  the  mass;  (2)  fragments  of  included  schistose  or  slaty 
rock,  often  not  very  highly  altered,  caught  up  from  the  rook-masses 
through  which  the  granite  has  forced  its  way. 

3.  '*  Certain  Geological  Facts  witnessed  in  Natal  and  the  Border 
Countries  during  Nineteen  Years'  Residence."  By  the  Bev.  George 
Blencowe.     Communicated  by  the  Bev.  H.  Griffith,  F.G.S. 

Shales  and  sandstones  are  the  prevalent  rocks  from  the  coast  for 
about  twenty-four  miles  inland.  Here  is  a  protrusion  of  granite; 
beyond  the  sandstones  come  ferruginous  shales,  with  scattered 
boulders  of  trap  on  the  surface.  The  northern  third  of  Natal  is 
white  sandstone,  formed  into  hills  and  ridges  by  denudation,  with 
a  Ion;;  trap-capped  plateau  near  Helpmakaar.  Coal-seams  occur 
in  the  sandstones.  There  are  frequent  vertical  pipes  in  these  sand- 
stones which,  the  author  thinks,  mark  the  site  of  tnmks  of  trees, 
round  which  the  sand-beds  had  accumulated.  Borke's  House  and 
Isandhlwana  are  near  the  above  plateau.  Near  the  former  is  an 
extinct  mud  volcano.     A  remarkable  *'  vitreous  shale  "  is  found  near 
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the  Buffalo  ;  isolated  pinnacles  of  it  occur  at  the  spot  where  the  few 
Burvivors  of  the  fight  crossed  that  river.  A  range  of  mountains, 
with  mural  escarpments,  remnants  of  an  ancient  plateau,  rising  to  a 
height  of  some  2000  feet  above  another  plateau  which  is  5()00  to 
6000  feet  above  the  sea,  extends  for  about  500  miles  from  the  north 
of  Natal  to  near  Cradock  in  the  Cape  Colony ;  they  are  sandstone 
horizontally  stratified,  capped  by  trap.  Some  other  geological 
features  are  described.  The  Transvaal  consists  of  undulating  hills 
of  soft  limestone,  a  sandstone  range,  and  a  country  rich  in  metals — 
iron-ore,  cobalt,  nickel,  copper,  and  gold  occur,  as  well  as  plumbago. 

11.— December  3,  1879.— Henry  Clifton  Sorby,  Esq.,  F.R.S.,  Pre- 
Bident,  in  the  Chair. — The  following  communications  were  read : — 

1.  "The  Gneissic  and  Granitoid  Rocks  of  Anglesey  and  the 
Malvern  Hills."  By  C  Callaway,  M.A.,  D.So.,  F.G.S. ;  with  an 
Appendix  on  the  Microscopic  Structure  of  some  of  the  Rocks,  by 
Prof.  T.  G.  Bonney,  M.A.,  F.R.S.,  SecG.S. 

Tlie  author  described  the  results  of  his  investigations  into  the 
stratigraphy  and  petrology  of  the  above  districts,  which  have  led 
him  to  Uie  following  conclusions :  —  1.  The  granitoid  (Dimetian) 
rocks  of  Anglesey  pass  down  into  an  anticlinal  of  dark  gneiss  (above) 
and  grey  gneiss  (below).  2.  Associated  with  the  granitoid  series  are 
hands  of  felsite,  halleflintas,  and  felspathic  breccias.  3.  The  suc- 
cession of  gneissic  and  granitoid  rocks  in  Anglesey  resembles  so 
closely  the  metamorphic  series  of  Malvern  as  to  justify  the  correla- 
tion of  tlie  two  groups.  4.  The  Pre-Cambrian  rocks  of  Anglesey 
and  the  Malvems,  from  the  highest  known  member  down  to  the 
base  of  the  gneiss,  may  be  thus  classified : — A.  Pebidian  (to  be  de- 
scribed hereafter) ;  B.  Malvernian ;  (a)  Dimetian,  with  associated 
quartz-felsites  and  halleflintas  (Arvonian)  passing  down  into  (6) 
Lewisian. 

2.  **  Petrological  Notes  on  the  Neighbourhood  of  Loch  Maree." 
By  Prof.  T.  G.  Bonney,  M.A.,  F.R.S.,  SecG.S. 

Tho  author  had  visited  the  upper  end  of  Loch  Maree  and  its 
vicinity  with  a  view  of  seeing  whether  microscopic  examination 
threw  any  light  on  the  vexed  questions  as  to  the  age  of  the  newer 
gneiss,  etc.  He  described  the  microscopic  structure  of  a  typical 
series  of  the  Hebridean  gneiss,  and  gave  reasons  for  considering  the 
mass  of  rock  on  the  right  bank  of  Glen  Laggan  to  be  not  an  intru- 
sive "syenite,"  as  has  usually  been  supposed,  but  a  mass  of  the 
Hebridean  gneiss  faulted  against  the  newer  series.  The  microscopic 
structure  of  the  Torridon  Sandstones  was  described ;  it  proves  that, 
as  previously  asserted,  they  are  made  up  of  the  debris  of  the  Hebri- 
dean series ;  from  this  also  probably  came  the  materials  of  the 
quartzites.  By  examination  of  specimens,  collected  both  in  Glen 
Laggan  and  at  other  points  along  the  northern  escarpment  of  the 
newer  series,  the  author  showed  that  its  rocks  have  been  rightly 
called  metamorphic;  and  then,  by  comparison  of  these  with  82>eci- 
mens  collected  in  Glen  Docherty,  he  concluded  that  the  latter 
belonged  to  the  newer  series,  and  that  no  part  of  the  Hebridean 
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scries  reappeared  here  (which  would  require  a  most  UDUsual  uncon- 
formability).  On  Ben  Fyn  also  he  could  find  no  trace  of  the  older 
series,  the  rocks  there,  where  not  igneous,  resembling  the  newer 
series,  though  more  highly  altered  than  it  is  further  north.  The 
paper  concluded  with  some  remarks  upon  the  bearing  of  the  evi- 
dence obtained  from  these  studies  upon  questions  of  metamorphism, 
especially  as  regards  its  "  selective  "  action. 

3.  <*  On  some  Undescribed  Comatul®  from  the  British  Secondly 
Bocks."  By  P.  Herbert  Carpenter,  M.A.,  Assistant  Master  at  Eton 
College. 

Tliis  communication  contains  descriptions  of  seven  new  Comatulsd 
from  the  Cretaceous  and  Oolitic  series  of  Southern  England,  together 
with  some  new  facts  respecting  the  Olenotremiie$  paradoxus  of 
Goldfuss,  from  the  Upper  Chalk.  This  species  is  remarkable  for 
the  presence  of  certain  characters  which  are  very  conspicuous  in  the 
recent  Aniedon  Eschrichtii,  and  also  in  a  new  species  dredged  by 
the  *  Challenger'  at  Heard  Island  in  the  South  Atlantic,  namely,  the 
presence  of  strong  ribs  on  the  inner  wall  of  the  centrodorsal,  five  of 
which,  interradial  in  position,  are  much  more  prominent  than  the 
rest  So  far  as  is  yet  known,  these  features  occur  in  no  other  recent 
Comatula,  with  the  exception  of  one  species  from  the  South  Pacific, 
in  which  there  is  a  faint  indication  of  such  ribs ;  but  they  are  all 
equal.  Another  Antedon-s^eciea  is  described  from  the  Chalk  of 
Sussex.  It  differs  from  Antedon  paradoxus  in  the  absence  of  these 
ribs,  and  in  the  shallowness  of  the  centrodorsal  cavity. 

Two  species  are  described  from  the  Oault  of  Folkestone.  One  is 
an  Antedon  with  no  special  relations  to  any  recent  forms.  It  might 
have  lived  as  well  at  20  as  at  500  fathoms.  But  the  other  species  is 
an  Actinometra,  possessing  certain  characters  only  known  to  occur 
in  species  from  quite  shallow  water,  20  fathoms  or  less,  in  the 
Philippine  Islands  and  Malay  Archipelago.  The  centrodorsal  is  a 
fiat  plate,  nearly  on  a  level  with  the  surface  of  the  radials,  or  some- 
times even  below  them,  separated  from  them  by  clefts  at  its  sides, 
and  entirely  devoid,  not  only  of  cirrhi,  but  also  of  cirrhus- sockets. 
This  condition  is  only  an  extreme  stage  of  the  metamorphosis  of  the 
centrodorsal  piece,  which  bears  cirrhi  for  a  time  after  its  liberation 
from  the  larval  stem  ;  but  these  cirrhi  eventually  disappear  and  their 
sockets  become  obliterated.  The  *  Challenger '  collection  contains  a 
series  of  specimens  of  Act.  Jukesii  from  Torres  Straits,  which  illus- 
trate this  point  very  completely ;  and  it  is  therefore  of  no  small 
interest  to  find  a  fossil  Comatula  which  shows  one  of  the  extreme 
stages  of  the  metamorphosis. 

The  large  size  of  the  three  Antedon-species  from  the  Chalk  and 
Gault  is  very  remarkable.  Ant,  paradoxus  has  a  centrodorsal  half 
as  wide  again  as  that  of  any  recent  form ;  while  Ant,  Eschrichtii  is 
the  only  recent  species  with  a  centrodorsal  approaching  the  size  of 
those  of  the  other  Chalk  Antedon,  and  of  that  from  the  Gkult.  Act. 
Lov6ni  from  the  Oault,  however,  and  the  older  Comatulse,  all  had 
small  calices  like  most  recent  species.  An  elegant  centrodorsal  (Ant. 
rotundus)  is  described  from  the  Haldon  Greensand,  and  also  two 
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species  from  the  Bradford  Clay.  One  is  an  Antedon,  the  oldest 
known,  with  no  special  characters ;  the  other  is  an  Aetinometraf  with 
a  centrodorsal  essentially  like  those  of  species  now  living  in  shallow 
water  in  the  Philippines  and  Malay  Archipelago.  The  oldest  known 
Comatula,  an  Actinametra  from  the  Bath  Oolite,  has  similar  relations. 
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PETEOLOGICAL  NOMENCLATURE. 

Sir, — Mr.  S.  Allport's  excellent  paper  on  "  The  Bocks  of  Brazil 
Wood "  (VoL  YI.  p.  481)  incidentally  suggests  a  general  question 
to  which,  at  the  present  time,  it  may  be  worth  while  calling  atten- 
tion. In  this  particular  case,  however,  I  am  not  persuaded  that  the 
name  "  mioaceous  schist "  is  any  better  than  **  gneiss  "  for  the  Brazil 
Wood  rock.  In  writing  of  it  I  left  the  name  gneiss,  which  had 
already  been  applied  to  it,  unchanged,  because  I  was  not  able  to 
suggest  a  better.  The  foliation  is  so  slight,  as  Mr.  Allport  observes, 
that  the  name  schist  (which  calls  attention  to  that  property)  does 
not  seem  appropriate;  and  we  are  not  unfamiliar  wiUi  rocks,  to 
which  we  at  present  extend  the  term  gneiss,  which  exhibit  that 
phenomenon  very  imperfectly.  A  more  serious  objection  is,  as  Mr. 
Allport  remarks,  that  there  is  generally  no  felspar  visible.  The 
microscope,  however,  shows  a  third  constituent,  and  the  analysis^ 
suggests  the  presence  of  an  aluminous  mineral.  In  this,  if  we 
assume  that  all  the  magnesia  is  present  in  a  magnesia-mica,  and  all 
the  soda  in  a  soda-mica,  we  find  (using  rough  approximations 
founded  on  some  of  the  analyses  given  in  Dana's  Mineralogy) 
that  to  form  these  micas  we  require  for  the  one  about  Si02=4-6 
Al,0,=2-2  FeO=2,  K,0=-8;  and  for  the  other  about  SiO,=70 
Alj03=4*2  FeO='3.  Thus  we  have  still  left  unemployed  about 
SiO,  =  42-4  AlA  =  15-47,  K,0  =  2-8 ;  this  (with  the  H^O) 
seems  to  indicate  some  zeolite,  which  may  have  resulted  from  the 
destruction  of  a  felspar.  The  rock  then,  though  not  strictly  speaking 
a  gneiss  at  present,  may  have  been  a  kind  of  gneiss ;  though,  under 
the  circumstances,  it  is  also  possible  that  the  felspathic  constituent 
passed  at  once  from  the  state  of  mud  to  its  present  condition. 

This  rock,  then,  is  an  example  of  a  class  of  difficulties  unpleasantly 
familiar  to  every  petrologist.  With  an  abundance  of  synonyms  in 
some  cases,  our  nomenclature  is  very  defective  in  others.  Thus, 
following  the  lead  of  the  older  geologists,  it  does  not  recognize  clearly 
enough  that  the  metamorphic  rocks  are  not  so  much  a  third  class 
independent  of  the  other  two*  and  of  equal  value,  but  that  every  rock, 
whether  igneous  or  stratified,  may  have  its  metamorphic  representa- 
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S.G.  =  2-85  (Q.J.G.S.  Vol.  xxxiy.  p.  224). 
'  Using  for  the  occasion  the  old  division  into  igneoits  and  stratified. 
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tive.  Again,  in  tbe  case  of  metamorpliio  sedimentary  rooks,  we  find 
one  group  which  exhibits  foliation  very  distinctly,  another  which 
does  not.  Now  there  is  no  name,  so  far  as  I  am  aware,  for  the  rock 
in  the  latter  gronp,  which  is  the  equivalent  of  gneiss  in  the  former.^ 
Again,  unless  we  accept  such  a  term  as  Hornblende  rock  (which 
I  do  not  like),  we  have  no  name  for  the  equivalent  of  Hornblende 
schist ;  and  the  same  is  true  of  other  schists.  Names  like  Halle- 
flinta,  Homstone,  Lydian  stone  or  Lydite,  Porcellanite,  want 
definitely  fixing  or  deliberately  leaving  as  indefinite — we  have,  in 
fact,  no  satisfactory  nomenclature  for  the  extensive  group  of  compact 
felstone-like  or  flinty  altered  rocks. 

In  the  case  of  the  igneous  rocks,  also,  several  points  require 
settlement.  The  limits  of  the  terms  Quartz-felsite  (or  Quartz- 
porphyry,  a  name  J  much  dislike),  Quartz-trachyte,  and  Bhyolite 
require  fixing.  We  have  to  consider  whether  we  ought  or  ought 
not  to  separate  the  microcrystalline  from  the  cryptocrystalline  Quartz- 
felsites,  and  then  to  decide  what  are  the  essential  characteristics  of 
a  Quartz- trachyte,  what  are  the  limits  of  the  name  Bhyolite,  and 
what  view  is  to  be  taken  of  devitrified  rhyolites.  At  present,  as  it 
seems  to  me,  there  is  no  line  drawn  between  some  Quartz-felsites 
and  Quartz-trachytes,  other  than  geologic  age,  which  J  for  one  do 
not  think  a  safe  basis  for  classification.  Again,  assuming  that  we 
take  crystalline  condition  as  the  basis  of  subdivision  in  our  groups, 
separated  at  first  by  mineral  (or  chemical)  composition,  the 
meaning  of  the  term  basalt  requires  fixing,  and  the  groups  of  the 
nepheline  and  the  leucite  rocks  are  very  unsettled.  The  same  may 
be  said  of  the  ''  mica-traps/'  peridotites,  and  others,  which,  did  space 
allow,  it  would  be  easy  to  name ;  but  the  above  remarks  may  su£Sce 
to  call  attention  to  a  real  difficulty,  which  I  imagine  is  widely  felt 
by  students  of  petrology. 

St.  John's  Colleob,  Cambridop,  T.  G.  Bonnet. 

Novmber  20M,  1879. 


DR.  WAAGEN'S  VIEWS  ON  THE  GEOLOGY  OF  THE  SALT  RANGE 

IN  INDIA. 

SiB, — With  reference  to  part  of  my  letter  in  your  September 
Number  bearing  upon  Dr.  Waagen's  suppression  of  the  Silurian 
group  in  the  Indian  Salt  Eange,  I  have  since  learned  he  has  made 
the  important  admission :  that  for  a  time  Stoliczka  and  himself  were 
of  opinion  the  fossils  which  I  found  in  the  Oholus  group  belonged 
to  the  Silurian  period,  and  even  now  [May,  1879]  he  was  <*  not 
prepared  to  maintain  with  certainty  that  that  opinion  was  incorrect."  * 
Notwithstanding  this,  in  the  case  in  point,'  Dr.  Waagen  has  not 
hesitated  to  condemn  the  classification  adopted  by  me,  although  he 
elsewhere  confessed  himself  uncertain  of  its  being  in  error. 

A.  B.  Wynnb. 

1  I  have  proposed  that  of  granitoidite,  Q.  J.  G.  8.  vol.  xxxt.  p.  322. 

2  Neues  Jahrouch  fiir  Mineralone,  etc.,  1879,  **  XJeber  einige  strittigen  Pankte  in 
der  Geologie  Indiens.     Dr.  W.  Waagen.    Wien,  1  Mai,  1879." 

3  Pal.  Ind.  Series  xiii.  Salt  Range  Fosmls. 
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I. — Ckbtageous  Gastebopoda. 

By  J.  Sta&kib  Gaedneb,  F.G.S.,  M.Q.8.  France. 

(PLATE  III.) 

IN  September,  1875,  Decade  II.  Vol.  II.  p.  894,  of  this  Magazine. 
I  was  enabled,  afler  having  previously  described  them  in  detail,^ 
to  group  all  the  known  British  Cretaceous  Aporrhaida  together  into 
four  genera ;  and  in  March,  1876,'  I  added  a  fifth  genus. 

Mr.  J.  F.  Walker,  M.A.,  F.G.S.,  having  kindly  forwarded  to  me 
for  description  a  few  new  Gasteropoda  from  Up  ware,  including  two 
Aporrhaidas,  1  now  avail  myself  of  the  opportunity,  in  noticing  them, 
to  revise  my  previous  work.  Although  collecting  from  the  Gault 
and  Grey  Chalk  of  Folkestone  (both  of  which  deposits  are  very  rich 
in  species)  bas  been  incessant  since  1875,  no  new  forms  have  been 
found;  and  with  the  exception  of  those  from  Dp  ware,  none  have 
been  met  with  in  any  Cretaceous  rocks  in  England. 

The  revision  required  is  due,  with  a  trifling  exception,  to  the  fact 
of  my  having  overlooked  certain  genera  established  in  America  by 
MM.  Conrad,  Qabb,  and  Meek. 

In  the  first  place,  I  find  it  necessary  to  abandon  the  genus  Omi- 
&opus,  A  genus,  Tessarolax,  was  established  so  long  ago  as  1864 
by  Gabb  in  the  Palasontology  of  California,  vol.  i.  p.  126,  which  he 
defined  as  follows : — 

Shell  fusifonn,  spire  and  aperture  about  equal ;  spire  incrosted  by  a  thin  deposit 
so  as  to  obliterate  the  sutures.  Body- whorl  with  two  varii-like  processes.  Aperture 
broad  above,  continued  below  in  a  long  curved  canal ;  a  posterior  canal  continues 
for  some  distance  up  the  spire.  Columella  incrusted,  without  folds  or  teeth.  Outer 
iip  possessing  two  spine-like  canals. 

This  embraces  substantially  all  the  characters  of  Omithopus,  with 
tbe  addition  of  the  varix-like  processes  and  thin  incrustation  of  the 
spire.  These,  however,  can  hardly  be  considered  characters  of  suflS- 
cient  importance,  to  render  a  separate  genus  desirable  for  shells 
sot  possessing  them.  In  1868,  indeed,  Gabb  seems  to  have  been  of 
this  opinion,  for  he  modified  the  generic  characters,  and  claimed 
^Urocera  hicarinata^  D'Orb.,  as  a  typical  species.  Yet  in  1869' 
be  appears  to  have  again  changed  his  mind,  for  we  find  two  species 
almost  identical  with  P.  hicarinaia  of  d'Orb.  expressly  excluded,  and 

*  Gbolooical  Magazine,  Decade  II.  Vol.  II.  pp.  49,  124,  198,  291,  393. 

'  Ibid,  Decade  II.  Vol.  III.  p.  160. 

^  Paleontology  of  California,  vol.  ii.  p.  166. 
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described  as  Selicatdax  hieartnata  and  ff,  costaia,  a  new  genus  of 
bis  own,  in  which  they  appear  to  be  incorrectly  plaoed.  It  would  be 
possible  either  to  retain  the  genus  Omithopua  by  limiting  Tesaarolax 
of  Gabb  strictly  to  the  incmsted  and  tuberculated  forms,  which 
would  practically  make  it  obsolete ;  or  to  make  the  latter  embraoe 
Ornithopm  by  omitting  the  tuberculation  and  incrustation  of  the 
whole  spire  as  generic  characters. 

Upon  consideration,  I  think  the  simpler  way,  and  the  one  most 
likely  to  be  accepted  unanimously  by  palaeontologists,  is  to  abandon 
Ornithopm  and  adopt  Tessarolax  in  the  wider  sense,  two  separate 
genera  being  clearly  unnecessary.  I  therefore  adopt  TesBarolax^ 
according  to  Gabb*8  second  definition,  omitting  as  generic  characters 
the  presence  of  tubercles  and  complete  incrustation  of  the  spire, 
which  are  only  rarely  and  abnormally  present. 

TessarolaXf  Gabb.     (American  Journal  of  Conchology,  1868.) 

Shell  subfusiform,  spire  and  aperture  about  equal ;  part  of,  or  the 
entire  spire  and  body-whorl  incrusted  by  an  extension  of  the  inner 
lip  of  the  adult ;  anterior  canal  long,  curved  or  straight ;  posterior 
canal  long,  running  up  the  spire,  and  extending  considerably  beyond 
it ;  outer  lip  expanded,  generally  carrying  two  long,  slender,  digitate 
processes.  Whorls  5  to  6,  always  striated  and  bicarinated,  without 
transverse  ribs.  Angle  37^°  to  40°.  The  incrustation  of  the  adult 
shell  very  exceptionallv  forms  tubercles  on  the  body-whorl. 

This  genus,  to  a  slight  extent,  links  the  StrorribidiB  and  Aporrhafda 
together,  but  its  affinities  are  with  the  latter. 

Tessarolax,  sp.  nov.     PI.  III.  Fig.  2. 

This  fragment  possesses  all  the  characters  of  Teasarolax,  and  is 
similar  in  type  to  T.  retuaa,  the  small  extent  of  the  region  of  the 
body-whorl  in  front  of  the  keels  giving  the  shell  a  truncated,  in- 
stead of  a  pear  shape.  The  species  was  evidently  finely  striated, 
and  the  keels  appear  to  have  been  slightly  tuberculated,  as  in 
T,  Fittoni.  It  was  a  larger  shell  than  either  of  the  Gault  or  Neooo- 
mian  forms;  but  lees  than  the  Grey  Chalk  T.  oligochtla.  It  is 
scarcely  sufficiently  perfect  to  furnish  specific  characters.  The 
unique  specimen  figured  belongs  to  Mr.  J.  F.  Walker,  and  is  from 
Upware. 

I  have  also  figured  (Fig.  1)  a  more  perfect  example  of  T.  oligochtla, 
Gard.,  from  the  Grey  Chalk.  This  species  proves  to  have  possessed 
a  more  expanded  wing  than  I  was  led  to  expect  from  the  specimen 
first  found,  but  it  b  never  cut  up  into  separate  digits,  as  in  most  other 
species. 

The  genus  Tridactylvs  remains  unchanged,  and  has  so  far  stood 
the  test  of  time.  Another  species,  sent  to  me  by  Mr.  Walker,  has  to 
be  added. 

Trtdactylua  Walheri,  Gardner.     PI.  III.  Fig.  4. 

Shell  elongate  and  pupssform ;  whorls  irregular,  inflated,  not 
forming  a  regular  cone ;  possessing  a  strong  central  keel,  a  second 
and  less  prominent  keel  in  front,  and  two  partly  concealed  sutural 
keels.    The  body -whorl  has  two  nearly  equal  keels  (slightly  diverg- 
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ing  towards  the  oater  lip,  the  front  one  heing  the  less  prominent), 
and  three  smaller  keels,  which  are  arranged  ahove,  l)elow,  and 
between,  the  primary  keels.  AH  the  keels  seem  to  have  heen  tuher- 
oolated,  and  the  spire  was  prohably  ribbed,  as  in  T.  Griffiihsii,  which 
it  generally  resembles.  Length  of  fragment  22  mm.,  diameter  of 
body-whorl  12  mm. 

This  unique  fragment  possesses  great  interest,  since  the  only  two 
Cretaoeons  species  previously  known  were  from  the  Gault  It  is 
remarkable  for  the  irregularity  of  its  growth,  the  third  whorl  bulging 
to  the  left  and  the  second  to  the  right ;  this  tendency  perhaps  pre- 
ceded the  more  regularly  pupasform  shapes  of  the  Qault  species. 

In  the  genus  AporrhaU  I  had  grouped  some  ten  species,  including 
all  those  which  resemble  existing  AporrhaU  or  the  Oolitic  Alaria  in 
general  form.  I  referred  them  all  to  AporrhaU,  believing  the 
principal  character  upon  which  Alaria  had  been  founded  was  not 
oonstant  in  the  living  species.  I  find  that  although  this  is  the  case, 
and  to  the  greatest  extent  in  the  recent  A.  pes-carhonis,  there  is  no 
nch  variation  among  the  fossils,  which  differ  further  in  the  narrow 
prodnoed  wing  and  more  elongated  spire.  I  find  it,  however,  incon- 
venient to  place  the  very  similar  forms  A.  marginata  and  A.  carinata 
in  separate  genera,  as  would  be  the  case  if  any  of  the  Gault  forms 
were  included  in  Alaria  of  Morris  and  Lycett,  to  which,  especially  as 
defined  by  Piette,  they  would  perhaps  strictly  belong.  Again,  their 
hides  differs  considerably  from  that  of  the  Jurassic  forms,  which 
have  hitherto  been  almost  the  only  ones  accepted  as  referable  to 
Alaria.  It  seems  to  me  more  simple  to  recognize  Alaria  as  the 
Jurassic  phase  of  the  genus,  and  to  group  the  Cretaceous  phase  in  a 
aeparate  sub-genus,  for  which  the  name  Anchura  has  been  proposed 
by  Conrad,  and  generally  recognized  by  American  palaeontologists. 
Alaria,  which  has  been  further  restricted  by  Gabb,  is  characterized 
by  him  as  follows : — 

Shell  fosiform,  spire  elevated ;  anterior  canal  more  or  less  produced,  straig^ht  or 
eorred ;  withoat  posterior  canal ;  outer  lip  digitate,  formed  at  one  or  more  stages 
prerions  to  the  adult  age,  and  left  hehind  by  the  growth  of  the  shell,  producing 
Tuices  or  tabular  spines ;   inner  lip  thin. 

Sub-genus  Anchura,  Conrad  (Drepanocheilus,  Meek). 

Shell  fusiform,  anterior  canal  straight,  more  or  less  produced  ;  no 
posterior  canal ;  outer  lip  produced  into  a  single  falcate  process, 
generally  if  not  always  bearing  a  spur  below,  as  well  as  above. 

This  sub-genus  comprises  the  species  of  Aporrha'ia  formerly  placed 
in  Group  II.  and  a  fragment,  from  Dpware,  which  is  evidently  the 
remains  of  a  shell  closely  allied  to  A,  carinella,  although  with  far 
tQore  strongly  tuberculated  keels.  It  is  doubtless  a  new  form,  but 
BO  fragmentaiy  as  hardly  to  deserve  a  specific  name. 

The  species  formerly  placed  in  Group  I.  are  still  left  in  AporrhaU 
proper,  for  the  sub-genus  Perissoptera  of  Tate  was  founded  to  corre- 
spond more  especially  **  with  that  section  of  Aporrhais  which  has  A. 
occidentalia  as  its  type,'*^  yet  A.  marginata  (P.  Orb igniann,  Tate), 
^hich  is  included  in  it,  approaches  far  more  closely  to  the  recent 

*  Geol.  Bepert.  for  September,  1865,  p.  98. 
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A,  peS'peleeani  section.  Much  as  I  should  like  to  adopt  a  distinctiye 
generic  name  for  the  Cretaceous  group,  I  fail  to  find  any  characters 
by  which  to  separate  them  from  Aporrha'is. 

Since  I  described  the  genus  IHmorphosoma,  the  discovery  of  much 
more  perfect  specimens  from  the  Grey  Chalk  at  Dover  has  led  me 
to  remove  one  species,  D.  opeatochila,  from  that  genus,  and  to  place 
it,  the  only  known  British  form,  in  the  genus  Seltcatdax  of  Gabb. 
Dimorphoaoma  still  remains  by  far  the  most  distinct  of  all  the  genera, 
and  embi*ace8  several  American  species. 

HeUcatdax,  Gabb  (American  Journal  of  Conchology,  1868,  p.  143), 

Fusiform,  anterior  canal  straight,  more  or  less  produced ;  posterior 
canal  long,  ascending  the  spire  to  near  the  apex,  usually  deflected 
near  the  extremity  ;  outer  lip  produced  in  a  single  falcate  process ; 
inner  lip  usually  heavily  incrusted,  the  callus  sometimes  extending 
up  the  spire.     The  typical  species  is  ZT.  (BosteUaria)  omata,  d*Orb. 

HeUcatdax  opeatochila,  Gard.,  Grey  Chalk,  Dover.     PL  III.  Pig.  3. 
syn.  Dimorphosoma  opeatochila,  Gard.,  Gkol.  Mao.  1875,  p.  399. 

Shell  small,  length  23  mm. ;  spire  elongated,  angle  38° ;  whorls 
8  or  9,  moderately  convex ;  sutures  distinct ;  markings,  about  ten 
rather  obliquely  inclined  finely  striated  ribs  on  each  whorl  of  the 
spire  ;  body -whorl  with  two  angular  and  equal  strongly  tuberculated 
keels,  below  which  are  numerous  tuberculated  strife ;  posterior  canal 
same  length  as  spire,  attached  to  at  least  four  whorls ;  apex  free  and 
pointed ;  outer  lip  expanded  laterally  in  a  single  process,  ending  in 
a  long  awl-shaped  digit ;  anterior  canal  short 

The  figure  is  restored  from  several  specimens.  The  species 
strongly  resembles  H.  omata  of  D*Orbigny,  but  is  smaller  in  size, 
and  has  more  salient  keels,  and  less  pronounced  tubercles  (see  also 
Geol.  Mao.  1875,  Dec.  II.  Vol.  II.  PI.  VII.  Fig.  9 ;  and  PL  XIL 
Figs.  23  and  24). 

It  is  found  in  the  **  cast  bed  "  of  the  Grey  Chalk  near  Dover, 
where  it  is  by  no  means  common.  Specimens  are  usually  very 
indistinct  and  broken. 

Of  the  other  American  genera  belonging  to  this  family,  I  think 
we  have  a  representative  of  Pterocella,  Meek,  in  A.  macroatomOf 
Sow.,  from  Blackdown.  There  is,  at  all  events,  no  other  genus  yet 
constituted  in  which  this  remarkable  and  unique  fossil  can  be  placed^ 

Pterocella,  Meek. 

Shell  small,  thin;  whorls  few,  rounded,  smooth  or  subangulated; 
last  whorl  not  much  enlarged ;  lip  greatly  extended  and  asoendiog 
the  spire,  trilobate,  the  middle  lobe  much  larger  and  more  produced 
than  the  others,  carinated  on  the  outer  side. 

The  above  generic  characters,  with  but  slight  modification,  would 
embrace  the  Blackdown  shell. 

The  remaining  Cretaceous  genera,  PhyUocheilus,  Gabb,  and  CaJyp- 
traphorus,  Conrad,  appear  to  be  more  Eocene  in  aspect,  and  have  no 
representatives  in  the  European  Cretaceous  rocks. 
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The  oomplete  and  revised  list  of  British  Aporrhatdcs  from  the 
Cretaoeons  series  is  : — 
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I,  indicates  that  but  one  or  two  specimens  are  known. 
X,  indicates  that  several  specimens  exist. 

On  Plate  III.  Fig.  8,  is  figured  one  of  the  young  of  AporrhaU. 
Tbej  are  ribbed  or  reticulated  fusiform  shells,  and  all  possess  the 
apex  smooth  and  obtuse ;  indeed,  a  smooth  helicoid  embryo  is 
oommon  to  all  the  Gault  Aphorraidm.  These  fry  have  hitherto 
figured  as  ^  Fusua,  sp.,"  in  all  lists  of  Gault  fossils.  They  are  most 
abundant  in  the  Gault  at  Folkestone,  but  with  specimens  less  than 
ludf  an  inch  long  it  is  extremely  difficult  to  distinguish  the  species. 

In  addition  to  the  new  forms  of  winged  shells  from  Up  ware  just 
notioed,  Mr.  Walker  has  forwarded  to  me  a  number  of  turbinated 
akells,  in  most  perfect  preservation,  and  of  the  greatest  interest. 
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Although  approaching  somewhat  closely  to  known  Neocomian  forms 
and  to  Blackdown  forms,  they  appear  to  be  distinct  from  them^  and, 
so  far  as  I  can  judge,  new.  Prof.  W.  Keeping  is,  however,  engaged 
upon  the  MoIIusca  of  Up  ware ;  and  we  have  every  reason  to  hope 
that  the  results  of  his  studies  will  be  shortly  published,  and  that 
they  will  embrace  descriptions  of  the  shells  here  alluded  to.  Still,  I 
cannot  refrain  from  briefly  noticing  a  very  rare  Scalaria,  of  which  I 
believe  no  other  specimen  is  known,  and  venturing  to  christen  it  ia 
his  honour.  Another  shell  which  particularly  struck  me  was  the 
internal  cast  of  a  rather  large  Calyptreea-like  limpet,  belonging  to 
the  Woodwardian  Museum,  which  has  spiral  sutures,  and  in  this 
respect  is  unique  from  British  Cretaceous  rocks. 

ScALiD^. — Scalarta  Keepingi,  Gard.,  Plate  III.  Fig.  7. 

Whorls  inflated,  about  twice  as  wide  as  high ;  ribs  9  to  each 
whorl,  rounded,  coarse,  very  irregular,  flexuons ;  strisd  very  fine  and 
barely  perceptible  under  a  glass ;  suture  not  visible. 

This  species,  whilst  resembling  Neooomian  forms,  in  other  re- 
spects differs  from  them  all  both  in  the  nearly  complete  absence  of 
strisd  and  also  by  its  concealed  sutures. 

The  only  fragment  known  is  from  Upware,  and  in  the  possession 
of  Mr.  Walker.  It  consists  of  nearly  tiiree  whorls,  and  measures 
19  mm. 

I  am  also  able  to  add  a  very  beautiful  species  to  the  Gknlt  list 
from  Folkestone  which  differs  only  from  8,  Dupiniana  in  the  form  of 
its  rib-like  ornaments,  which  are  sharper,  more  delicate,  and  more 
numerous,  numbering  18  instead  of  12 ;  its  more  acute  angle,  2(f, 
and  generally  more  delicate  form,  resembling  in  these  respects  one 
of  the  Blackdown  species.  A  specimen  of  S.  Clemeniinat  Mich.,  has 
come  to  light,  showing  that  this  shell  attained  even  greater  dimensions 
than  was  supposed ;  measuring  11  cent.  I  have  also  received  a 
new  spiral  Gasteropodous  shell  from  Blackdown,  which  cannot  be 
placed  in  any  existing  genus. 

Disoheta,^  gen.  nov. 

Shell  turreted,  whorls  angulated,  with  two  channels  or  grooves 
bordered  by  sliglitly  elevated  keels. 

Dtsoketa  Meyeri,  sp.  nov.,  PI.  III.  Fig.  5. 

Shell  turriculated,  in  an  angle  of  20°;  length  8  mm. ;  whorls  7  or  8, 
angulated  except  at  the  apex,  the  ridge  or  most  salient  point  of  each 
being  considerably  anterior  to  its  centre,  each  ridge  possessing  a 
deep  channel  or  groove  sunk  between  two  keels.  A  similar  channel 
appears  at  the  suture,  and  is  disclosed  on  the  last  whorl  as  a  second 
channeled  keel.  The  flat  parts  of  the  whorls  are  undulated  by  wave- 
like ribs  (at  opposite  angle  to  the  spiral),  which  also  influence  the 
keels.  The  apical  whorl  is  globose  and  ribbed ;  the  body-whorl  is 
somewhat  produced  on  the  right  side. 

This  is  perhaps  one  of  the  most  unusual  forms  among  Cretaceous 
shells.  Such  channels  are  only  met  with  in  a  very  few  genera,  and 
no  equally  turreted  shell  possesses  them,  except  the  Palssozoic  genus 

1  Sif ,  twice,  oxcrof,  channeled. 
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KwrehtBoniat  from  whioh  it  is  distinguished  by  the  possession  of  the 
BBOond  channel.  In  the  only  living  genus  channeled  in  the  same 
manner,  the  groove  is  known  to  result  from  a  deep  notch  in  the 
oater  lip,  and  it  is  therefore  likely  that  the  aperture,  which  is  not 
preserved,  would  have  been  found  to  be  angulated  and  doubly 
Botched. 

In  general  form  the  shell  very  closely  resembles  the  spire  of 
Anehura  earineHa,  even  to  the  apical  whorl  and  the  slightly  produced 
last  whorl — but  neither  the  cast  nor  the  shell  of  the  latter  presents 
the  slightest  trace  of  grooves. 

The  specimen  is  unique,  and  I  am  indebted  to  Mr.  Meyer,  to  whom 
it  belongs,  for  the  opportunity  of  describing  it. 

While  it  is  scarcely  probable  that  many  more  species  will  be 
added  to  the  Molluscan  fauna  of  the  Gault  of  Folkestone,  where 
alone  this  formation  has  been  systematically  worked,  the  Blackdown 
fauna,  from  the  number  of  unique  and  rare  shells  already  obtained 
from  it — a  unique  shell  sometimes  being  the  sole  representative 
of  a  family — gives  promise  that  it  may  still  yield  many  more  forms. 

EXPLANATION    OP    PLATE    IIL 

Fio.  1.  TenM'vlax  oiigochUa,  Gard.,  Colin.  British  Miueum. 

„  2.  Tt9MiroUuc,  sp.  noT.,  Colin.  J.  F.  Walker,  Esq.,  M.A.,  F.6.S.,  etc. 

„  3.  Heiieaulax  opMtochila^  Gkurd.,  CoUn.  British  Mnseum. 

„  4.  7)rid4tceylu§  WolkeH,  sp.  noY.,  J.  F.  Walker,  Esq.,  M.A.,  F.G.S.,  etc. 

„  6.  J)uok$ta  Jityerif  Gard.,  gen«  et  sp.  nov.,  CoUn.  C.  J.  A.  Meyer,  Esq.,  F.G.S. 

M  6.  Semiaria^  n».  noT.,  Colin.  British  Museum. 

„  7.  Sealarta  Keepingi^  sp.  noT.,  CoUn.  J.  F.  Walker,  Esq.,  M.A.,  F.G.S.,  etc. 

„  8.  Fry  of  AporrKaU^  Colin.  British  Museum. 
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By  Clement  Reid,  F.G.S., 
of    H.M.  Geological   Survey  of  England  and  Wales. 

[Communicated  by  permission  of  the  Director-General  of  the  Geological  Surrey.] 

rpAKING  into  account  the  large  number  of  papers  that  have  been 
i  published  on  the  Glacial  Deposits  near  Cromer,  any  further 
description  may  appear  unnecessary ;  and  it  was  with  this  impres- 
sion that  I  commenced  the  systematic  examination  of  the  coast  three 
years  ago.  Before  long,  however,  I  found  that  in  many  important 
points  the  actual  facts  do  not  support  the  accepted  theories  of  the 
origin  of  the  deposits ;  and  having  now  made  a  thorough  examina- 
tion, I  lay  the  results  before  the  reader.^ 

lAteraiure  of  the  Subject, — The  first  description  of  the  contorted 
beds  near  Cromer  was  published  in  1824  by  R.  C.  Taylor.*  In  1827 
Taylor  published  three  papers  *'  On  the  Geology  of  East  Norfolk," 
etc.*  Mr.  Samuel  Woodward  in  1833,  in  his  "  Geology  of  Norfolk," 
gave  a  long  description  and  sections  of  the  Cromer  cliffs.  The  next 
was  by  Lyell,  in  the  same  year,  in  the  first  edition  of  his  "Principles," 
and  in  1840  he  gave  a  still  fuller  account.*     No  description  either 

*  This  paper  was  read  hefore  the  Geological  Society,  hut  only  puhlished  in  abstract. 

*  Phil.  Mag.  Tol.  Ixiii.  p.  81. 

*  Ibid,  2nd  ser.  yoI.  i.  pp.  277,  346,  426.  *  Ibid,  3rd  ser.  yoI.  xvi,  p.  345, 
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before  or  since  has,  I  think,  equalled  this  for  the  clearness  and  acca* 
racy  with  which  the  facts  are  noted.  The  various  editions  of  Ljell's 
works  all  contain  essentially  the  same  account  of  the  Cromer  Till 
and  Contorted  Drift.  In  1845  Joshua  Trimmer  published  a  paper  in  the 
Geological  Society's  Journal,  and  in  1851  he  gave  a  further  account 
of  the  beds,  suggesting  that  the  contortions  had  been  formed  by  the 
melting  of  included  masses  of  ice.  In  1864  Mr.  Gunn,  in  his  '*  Sketch 
of  the  Geology  of  Norfolk,*'  gave  a  description  of  the  beds  near 
Cromer.  The  Rev.  0.  Fisher,  in  1868,  published  a  paper  in  the 
Gbologioal  Magazine  on  the  ''  Denudations  of  Norfolk."  In  the 
same  year  and  Magazine  Messrs.  S.  Y.  Wood,  Jun.,  and  F.  W. 
Harmer,  published  an  abstract  of  a  paper,  in  which  the  Weybonm 
Sand  is  placed  above  the  Pre-glacial  freshwater  beds,  and  made  to 
pass  by  alternation  into  the  Cromer  Till.     The  succession  given  is — 

Sands  and  Oravels  (Middle  Glacial). 

!  Contorted  Drift. 
Sands  on  an  eroded  surface  of  Cromer  Till  passing,  by  interbedding, 
into  Wevboum  Sands. 
Forest  Bed. 

Messrs.  Wood  and  Harmer  in  1872  gave  a  fuller  account  of  these 
beds  in  the  Supplement  to  the  Crag  Mollnsca.*  In  1877  they  brought 
forward  the  theory  that  extensive  valley  erosion  had  taken  place 
after  the  formation  of  the  Contorted  Drift,  and  previous  to  the 
deposit  of  the  Chalky  Boulder-clay.*  In  the  same  year  Mr.  Belt 
published  a  paper,  in  which  he  apparently  considers  the  '*  Contorted 
Drift  '*  to  be  older  than  the  first  Boulder-clay,  and  to  be  a  later  stage 
of  the  Pre-glacial  laminated  loams.'  The  Rev.  0.  Fisher  again 
suggests  that  the  Boulder-clay  passes  under  the  "  Forest  Bed  '*  of 
Happisburghf  [it  is,  however,  merely  a  Pre-glacial  stony  soil,  at  first 
sight  much  like  the  bed  below  described  as  the  "First  Till"].  I 
have  shown  that,  as  Lyell  originally  pointed  out,  the  Weyboum 
Crag  comes  below,  and  not  above,  the  Pre-glacial  freshwater  beds, 
and  that  the  Till  is  quite  unconnected  with  these  deposits.* 

Pre-glacial  Beds. — The  Pre-glacial  beds  are  too  complicated  to  be 
described  in  a  few  lines :  it  will  here  be  sufficient  to  state  that  the 
close  of  the  Pliocene  Period  is  marked  by  a  lacustrine  bed  in  which 
arctic  plants,  such  as  Salix  polaris  and  Belvla  nana^  occur  for  the 
first  time. 

Till, — For  the  examination  of  the  Drifts  the  cliffs  near  Cromer  are 
too  much  contorted  and  obscured  by  constant  land-slips  to  be  of  much 
assistance ;  even  inversions  of  the  beds  are  not  uncommon,  and  without 
great  care  they  will  convey  an  erroneous  impression  of  the  order  of 
the  deposits.  It  is  therefore  better  to  commence  at  Happisburgh, 
and  work  towards  Cromer ;  for  at  Happisburgh  the  disturbances  are 
not  of  such  a  nature  or  extent  as  to  hide  the  relation  of  the  beds. 

The  Pre-glacial  beds  are  succeeded  by  a  deposit  of  perfectly 
uustratified  till,  which  rests  on  a  planed  and  tolerably  horizontal 


^' 


'  PalaBontographical  Society,  toI.  xxt.  (issued  for  1871.) 
•  Qnart.  Jonrn.  Geol.  Soc.  toI.  xxxiii.  p.  74. 
>  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  166. 
^  Ibid,  p.  479.  s  Ibid,  p.  300. 
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Borface  of  any  of  the  older  deposits.  This  *'  First  Till "  consists  of 
ft  mixtore  of  aboat  equal  parts  of  shelly  sand  and  clay,  with  the 
addition  of  numerous  striated  pieces  of  hard  chalk  and  oolites,  and  a 
smaller  quantity  of  various  Palaeozoic  rocks,  granite,  and  trap  of 
differ^it  kinds.  The  shells,  though  abundant,  are  certainly  deriva- 
tiye,  for  they  are  usually  sharply  fractui-ed,  sometimes  striated,  and 
in  the  interior  of  one  or  two  I  have  found  the  remains  of  a  quite 
different  matrix  from  that  in  which  they  are  now  imbedded. 

The  till  was,  I  believe,  formed  by  glaciers  or  an  ice-sheet  flowing 
partly  over  an  old  sea-hottom,  from  whence  were  derived  the  shells, 
and  also  the  far-travelled  stones.  That  this  is  the  case  seems  to  be 
proved  by  the  fact  that,  besides  the  shells,  several  specimens  of 
septaria  and  hard  chalk,  bored  by  annelids,  and  subBequently  striated, 
have  been  dag  out ;  this,  I  think,  shows  the  agency  of  floa);ing-ice, 
probably  only  coast-ice,  which  would  bring  stones  from  all  parts, 
and  scatter  them  on  the  sea-bottom,  where  they  would  be  bored  by 
the  annelids,  to  be  subsequently  ploughed  up  and  striated  by  the 
advance  of  the  ice-slieet  into  the  shallow  water.  It  should  not  be 
forgotten,  that  though  the  first  till  is  the  earliest  known  bed  which 
has  been  to  any  great  extent  accumulated  by  ice,  the  period  imme- 
diately previous,  when  the  arctic  birch  and  willow  flourished  in 
England  near  the  sea-level,  must  have  been  quite  cold  enough  for 
the  formation  of  coast-ice  capable  of  bringing  abundance  of  stones 
from  Scotland  and  Scandinavia. 

If  we  now  try  to  discover  the  direction  of  the  ice-flow,  the  absence 
of  hard  rocks  under  the  till  of  course  precludes  any  hope  of  finding 
BtrisB.  Another  test  is,  however,  available,  for  where  the  ice  has 
flowed  over  laminated  clays,  the  beds  have  been  crumpled  slightly, 
ju8t  as  a  table-cloth  is  crumpled  by  the  sliding  of  a  heavy  book.  On 
clearing  sections  at  Bacton  I  was  able,  by  examining  the  direction  of 
the  folds,  to  find  that  the  ice  flowed  from  a  point  a  little  north  of 
west,  and  the  occurrence  of  abundance  of  the  hard  lower  chalk  also 
points  in  the  same  direction.  The  gathering  ground  appears,  there- 
fore, to  have  been  on  the  chalk  escarpment  of  Lincolnshire,  which,  if 
we  take  into  account  the  enormous  denudation  it  has  suffered  during 
the  Glacial  Penod,  must  have  been  at  that  time  much  higher  them  at 
present  The  ice  flowed  down  the  long  dip-slope  of  the  chalk  till 
it  reached  the  sea-level,  and  ground  up  the  sand-banks,  and  a  little 
of  the  underlying  estuarine  **  Forest  Bed,"  from  which  were  derived 
the  fragments  of  wood  and  bone  and  the  green-coated  Eocene  flints 
which  are  sometimes  found. 

Next  the  ice  would  appear  to  have  retreated,  perhaps  only  for  a 
few  miles,  leaving  the  Till  with  a  curious  hummocky  surface,  over 
which  was  deposited  ripple-marked  clay  and  marl  in  thin  beds. 
This  deposit,  well  shown  between  Hasbro'  and  Bacton,  seems  to  be 
glacier-mud  such  as  would  flow  from  beneath  the  ice,  and  be  evenly 
tpread  over  the  surface  lately  abandoned.  I  do  not  think  that 
this  evenly-bedded  loam  can  be  taken  as  sufficient  evidence  of  an 
inter-glacial  warm  climate,  though  it  is  traceable  nearly  continuously 
for  at  least  four  miles,  for  at  the  present  day  the  glaciers  of  the  Alps 
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and  the  ice  of  Greenland  advance  and  retreat  short  distances  without 
any  very  marked  cause.*  As  yet  no  fossils  are  known  from  this 
honzon,  so  we  are  left  in  doubt  as  to  whether  it  is  marine  or  fresh- 
water, but  the  character  of  the  deposit  seems  lacustrine. 

Above  these  '*  intermediate  beds  "  there  occurs  a  second  deposit  of 
nnstratified  till,  clearly  distinguishable  from  the  first  till  by  the 
abundance  of  soft  upper  chalk  Uiat  it  contains.  This  bed  is  so  like 
the  Great  Chalky  Boulder-clay,  that  at  Hasbro',  where  it  caps  the 
cliff,  it  has  oflen  been  mistaken  for  that  deposit,  and  it  is  quite  possible 
that  some  of  the  Boulder-clays  further  south  commonly  referred  to 
the  Chalky  Boulder-clay  may,  in  fact,  belong  to  the  ''  Seoond  Till." 

Though  this  '*  Second  Till "  seems  so  different  from  the  first,  closer 
examination  shows  that  this  difference  is  more  apparent  than  real, 
consisting  only  of  a  change  in  the  relative  proportion  of  the  ingre- 
dients. Tlie  first  till  was  above  described  as  "  a  mixture  of  about 
equal  parts  of  shelly  sand  and  clay  " ;  the  second  till  is  nearly  half 
soft  chalk  and  half  day,  with  a  little  shelly  sand,  the  other  materials 
being  the  same  as  in  the  older  deposit. 

At  Hasbro'  the  intermediate  beds  under  the  second  till  are 
crumpled  in  the  same  manner  as  the  pre-glacial  beds ;  but  from  the 
difficulty  of  the  examination,  I  have  been  unable  to  take  the  direction 
of  the  folding.  There  is,  however,  no  reason  for  considering  that 
the  direction  of  the  flow  had  changed,  for  the  tills  only  differ  in  the 
shelly  sand  being  replaced  by  chalk — a  change  accounted  for  on  the 
supposition  that  the  first  advance  of  the  ice  ploughed  out  most  of 
the  sand-banks,  leaving  the  second  ice  only  bare  chalk  to  grind  up. 

Though  these  tills  are  nnstratified,  they  often  show  a  ''  streak  "  like 
that  of  doughy  bread  or  pie  crust.  This,  I  believe,  has  nothing  to  do 
with  a  sedimentary  origin,  but  is  simply  formed  like  the  flakes  in  pie 
crust  by  a  sliding  pressure  from  above.  Special  care  is  needed  in 
the  examination  of  !ooulder-clays  to  avoid  being  misled  by  this  ap- 
pearance, for  I  have  sometimes  seen  it  so  strongly  developed  as  to  be 
a  fair  example  of  slaty  cleavage,  though  at  first  sight  no  one  would 
have  hesitated  to  point  to  it  as  evidence  of  ordinary  bedding. 

Sands. — Above  the  second  till,  and  resting  on  an  eroded  surface  of 
that  deposit,  or  in  one  or  two  places  on  the  Pliocene  beds,  there  are 
fine  false-bedded  sands,  always  chalky  and  carbonaceous,  and  of  a 
peculiar  pale  tint  easily  recognizable.  At  Mundesley  these  sands 
are  about  40  feet  thick,  and  they  can  be  traced  from  Hasbro'  to 
Trimmingham,  but  at  the  latter  place  they  are  lost  No  fauna  is  yet 
known  from  them. 

Contorted  Drift — Above  the  sands  we  find  the  irregularly  stratified 
and  more  or  less  contorted  deposit  known  as  the  Contorted  Drift 
This,  I  think,  is  most  likely  a  true  sedimentary  Boulder-day,  though 
from  the  great  difficulty  of  distinguishing  between  true  bedding  and 
"streak"  produced  by  pressure,  and  also  the  fragmentary  character  of 
the  shells,  I  cannot  feel  certain.  In  a  few  places  it  shows  small  con- 
tortions, such  as  might  be  formed  by  coast-ice,  which  appear  not  to 

*  Ordiaary  yariationB  in  temperature  and  in  the  rate  of  condensation  from  year  to 
year,  are  fully  sufficient  to  explain  tiiiis  well-known  phenomenon.— Edit.  Gbol.  Mao.- 
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afeot  the  overljing  gravels,  but  all  the  more  important  contortions 
are  of  later  date,  as  will  be  shown  below.  The  lithological  character 
is  like  that  of  the  First  Till,  but  the  deposit  is  more  sandy,  and  the 
bedding  ia  conspicuous  though  irregular,  as  if  the  materials  had 
been  deposited  in  flattish  heaps. 

Sands. — Resting  on  this  Boulder-clay  we  find  beds  of  well-strati« 
fied  sand  and  marl  of  undoubtedly  sedimentary  origin.  These  I  have 
indnded  in  the  Contorted  Drift,  though  it  is  quite  possible  they  may 
be  the  equivalents  of  the  Middle  Glacial  near  Yarmouth.  The  sands 
are  nearly  unfossiliferous,  the  only  evidence  of  their  marine  origin  as 
yet  found  between  Cromer  and  Hasbro'  being  a  single  perfect  valve 
of  Balantis.  West  of  Cromer,  however,  a  patch  of  sand  at  Runton  has 
yielded  a  fauna  closely  corresponding  to  that  of  the  Middle  Glacial,  in« 
eluding  among  other  species  Nuctda  Cohholdia,  an  Anomia,  and  Nassa 
reUcos€L  This  patch  is  unfortunately  so  violently  twisted  into  the 
Contorted  Drift  that  I  cannot  say  whether  it  is  the  equivalent  of  the 
above  sands  or  of  the  gravel  next  to  be  described. 

Middle  Olc^eicd. — Above  the  Contorted  Drift,  and  resting  on  a 
ilightly  eroded  surface  of  that  deposit,  there  are  sands  and  gravels, 
often  very  ooarse,  like  the  "  cannon-shot "  gravels  of  Norwich.  These 
are  identified  by  Messrs.  Wood  and  Harmer  with  the  Middle  Glacial, 
and  in  a  paper  to  the  Geological  Society^  they  drew  attention 
fb  the  cliffs  near  Cromer  as  showing  undoubted  evidence  of  inter- 
glacial  valley  erosion.  With  regard  to  the  correlation  of  these 
gravels  with  the  Middle  Glacial,  I  think  this  is  a  very  doubtful 
point,  for  both  by  stratigraphical  position  and  lithological  character 
they  will  do  at  least  equally  well  for  the  Cannon-shot  gravels, 
which  north  of  Norwich  are  intimately  connected  with  and  possibly 
replace  part  of  the  Chalky  Boulder-clay.* 

On  the  second  point  I  am  forced  entirely  to  disagree  with  Messrs. 
Wood  and  Harmer ;  for,  after  spending  upwards  of  two  years  on  the 
coast,  and  also  examining  a  large  tract  of  country  in  the  Waveney 
Valley,  I  cannot  find  the  slightest  trace  of  inter-glacial  valley  erosion. 
The  basin-like  hollows  in  which  the  gravels  rest  are  clearly  in  every 
case  the  result  of  contortion  and  not  of  erosion,  for  the  dip  of  the 
underlying  beds  is  always  conformable  to  the  curve  of  the  basin, 
however  sharp  it  may  be.  There  is  a  slightly  eroded  line  at  the 
junction,  as  mentioned  above,  but  it  has  nothing  to  do  with  the 
basins.  In  the  cliffs  between  Weyboum  and  Hasbro'  there  are  about 
fifty  of  these  scoops,  all  of  which  I  have  measured  or  sketched,  and 
all  show  this  general  conformity  in  the  underlying  beds. 

Age  and  Mode  of  Formation  of  the  Contortions, — For  more  than 
two  years  I  was  quite  unable  to  account  for  the  peculiarity  of  the 
contortions  in  the  Cromer  clififs.  It  was  evident  that  they  were 
later  than  the  Middle  Glacial,  as  that  formation  was  also  disturbed, 
and  yet  at  the  same  time  it  was  clear  that  contortions  affecting  the 
overlying  beds  were  often  much  more  complicated  in  the  beds 
beneath,  and  also  that  many  of  the  most  violent  contortions  were 

*  Quart.  Journ.  Geol.  Soc.  vol,  xxxiii.  p.  78. 

*  See  H.  B.  Woodward,  Proc.  Norwich  GeoL  Soc.  vol.  i.  p.  68. 
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within  a  few  inches  of  the  smooth  undisturbed  surface  of  the  Pre* 
glacial  beds. 

If  we  consider  the  generally  accepted  theory  that  the  contortions 
were  formed  by  floating-ice,  it  is  evident  that  an  iceberg  ploughing 
up  the  sea-bottom  must  necessarily  most  disturb  the  highest  beds, 
and  the  disturbance  would  die  out  gradually  below  and  not  end 
abruptly.  To  plane  off  such  an  even  surface  of  the  Pre-glacial  beds 
the  icebergs  must  be  flat-bottomed  and  all  submerged  to  the  same 
extent.  The  ice  must  move  quite  steadily,  not  rocking,  and  must  be 
of  great  thickness,  or  else  it  would  at  once  pack. 

In  no  part  of  the  world  can  we  point  to  floating-ice  capable  of 
forming  disturbances  equal  to  those  seen  at  Trimmingham,  and  it 
should  not  be  forgotten  that  there  is  no  evidence  at  that  period  of  a 
submergence  sufficient  to  float  thick  ice,  or  of  an  open  sea  in  which 
it  could  obtain  the  neoessaiy  momentum.  The  iceberg  theory  must 
therefore  be  abandoned. 

What  othei:  explanation  is  then  possible  ?  Dr.  Croll,  in  his  "  Climate 
and  Time,"  has  pointed  out  that  at  the  period  of  maximum  glaciation, 
that  is  to  say,  at  the  time  of  the  Chalky  Boulder-day,  the  North  Sea 
was  entirely  filled  with  ice,  which  flowed  from  a  north-easterly 
direction  over  Norfolk.  Before  reading  either  Dr.  Croll's  or  Dr. 
James  Oeikie's  books,  I  thought  it  advisable  to  examine  the  coast, 
so  as  to  form  a  quite  independent  judgment,  and  on  comparing  my 
observations  lately  with  Dr.  Croll's  previously  published  views,  I 
was  greatly  surprised  at  tlie  close  coincidence. 

If  the  contortions  are  carefully  examined,  they  clearly  show  that 
they  were  formed  by  a  lateral  thrust  from  N.E.  or  N.N.E.,  which  on 
other  grounds  Dr.  Croll  gives  as  the  direction  of  the  flow. 

But  how  can  we  account  for  the  detached  masses  of  chalk  at  the 
base  of  the  contorted  beds  ? 

For  many  years  the  singular  isolated  character  of  the  bluffs  of 
chalk  at  Trimmingham  has  been  accounted  for  on  the  Tarious 
suppositions,  that  they  formed  islands  in  the  Pliocene  or  Boulder- 
clay  sea,  or  else  of  some  Post-glacial  disturbance,  or  lastly  the 
Eev.  0.  Fisher,^  among  other  explanations,  suggests  that  ''in 
attributing  contortions  in  the  underlying  beds  to  the  deposition  of 
masses  of  niatter  upon  their  surface,  I  would  go  to  the  extent  of 
suggesting  that  the  remarkable  bluffs  of  chalk  at  Trimmingham  may 
have  been  upraised  by  some  such  action." 

It  has  long  been  known  that  the  lines  of  flint  have  been  to  a 
great  extent  affected  by  the  disturbance,  and  two  years  ago,  in 
measuring  the  westerly  chalk  mass,  I  discovered  that  they  were 
folded  into  a  complete  loop,  and  also,  as  previously  noted  by 
Mr.  Fisher,  that  the  same  beds  were  to  be  seen  in  the  cliff  and  on 
the  foreshore  directly  opposite.  Fortunately  a  projecting  point  of 
the  cliff  enabled  me  to  draw  sections  at  right  angles  as  well  as  in  a 
line  with  the  coast,  and  I  saw  that  the  direct  action  of  an  ice-sheet 
was  the  only  way  in  which  we  could  account  for  the  extraordinary 
disturbance  of  the  beds. 

^  Gbol.  Mao.  1868,  Vol  V.  p.  550. 
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u  It  is  vei;  poasible  that  at  tlie  time  the 

oontortions  were  being  formed,  the  Pre- 
glacial  beds  were  frozen  into  a  tough  sand- 
stone, in  which  state,  owing  partly  to  the 
absence  of  joints,  they  would  be  more  mi- 
yielding  than  the  majority  of  ordinary  rookx. 

The  shearing  foroe  or  lateral  pressure 
would  not,  howerer,  act  uniformly,  for 
wherever  there  wot  a  slight  bitch  the  un- 
derlying beds  would  be  ploughed  up  and 
contorted,  as  in  the  case  of  the  Trimming- 
ham  Chalk.  A  little  further  pressure  and 
the  loop  would  be  sheared  completely  off, 
driven  up  the  gentle  incline,  and  formed 
into  a  detached  boulder  such  as  we  find  at 
the  base  of  the  Boulder-olay  near  Bunton 
(Fig.  2).  That  Uiis  is  the  right  explana- 
tion of  the  mode  of  transport  of  the  Chalk 
masses  seems  to  be  Iwme  out  by  the  fact 
that  they  always  correspond  in  character  to 
the  ohalk  of  the  immediate  neighbourhood, 
and  that  they  disturb  the  overlying  deposits, 
which  would  not  be  the  osse  if  they  had 
been  broiight  by  ioeberge.  It  is  also  singu- 
lar that  none  of  the  transported  masses  are 
found  beyond  the  district  where  the  ohalli 
ia  near  the  sea-level,  and  where  it  is  ooca* 
sionally  ploughed  into  by  the  Boulder-olay. 
On  the  iceberg  theory  it  is  imposBible  to 
account  for  the  non -occurrence  of  Chalk- 
boulders  south  of  Trimmingham,  and  in  the 
neighbourhood  of  Norwich  and  Yarmouth. 

From  the  readiness  with  which  they  can 
be  identified,  the  chalk  masses  have  long 
been  known  ;  but  it  is  evident  that  if  the 
above  explanation  be  oorreot,  we  ought  also 
to  find  masses  of  the  older  boulder-clays 
and  pre-glacial  beds  in  the  Contorted  Drift. 
Such  masses  are  to  be  found,  though  from 
their  less  striking  contrast  they  are  not  so 
conspicuous. 

On  the  west  of  Cromer,  and  close  to  the 
town,  there  is  a  transported  mass  of  peat 
and  lamiuated  loams,  just  such  as  could 
be  obtained  from  the  top  of  the  Woman 
Hithe  or  Runton  black  freshwater  bed  and 
the  overiying  Leda  Myalit  Bed,  Of  course 
I  do  not  mean  that  it  came  from  that 
locality,  but  that  the  beds  are  probably 
of  that  age. 
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South-east  of  Grotoer,  until  the  olue  was  obtained,  I  was  constantly 
pnsxlod  by  finding  masaea  tliat  undoubtedly  belonged  to  the  Second 
'nil  and  overlying  ganda,  with  what  appeared  to  be  evenly-bedded 
Bonlder-clay  like  the  Contorted  Drilt  beneath  them,  the  whole 
retting  irith  a  sharply-defined  juuotion  on  the  LeHa  Mgatii  Bed. 
nie  aeotion  taken  at  Sideatraud  {Fig.  3)  explains  the  difficulty,  for 
there  the  aliding  of  the  beds  has  undoubteilly  caused  the  same 
incoeaaioQ  to  be  repeated,  the  Second  Till  and  Sands  being  shown 
twice  in  ft  vertical  section  without  inversion,'  In  this  case  the  beda 
ia  the  middle  of  tlie  oliff  are  the  most  disturbed,  for  after  sliding 
■ome  diatanoe  along  the  plane  A,  it  ia  evident  that  the  line  of  shear 
WIS  abiftod  to  B,  and  while  the  lower  part  became  stationary  the 
apper  part  moved  on,  the  beda  sliding  up  the  inclined  plane.  It  ia 
of  oonree  possible  that  the  line  B  was  the  first  formed,  and  as  the  loe 
thiokened  it  planed  deeper — but  thia  would  make  no  differenoe  in 
theaeotion. 

Pro.  3. — Sediall  at  rlght-snglea  to  the  cliff  neai  Sideitrand  Church. 
(Scale  60  feet  to  the  inch.) 
1  Thn  Ilae  of  ftMtan. 


The  laminated  Bonlder-clay  juat  mentioned  should  bo  c 
eumined,  for  when  this  is  done  it  is  seen  to  have  no  connexion 
with  the  undoubtedly  stratified  beds  between  the  Tills,  with  which 
it  appears  alvrays  to  have  been  correlated.  The  appearance  of 
bedding  is  very  deceptive,  for  in  this  case  it  is  nothing  but  the  effect 
of  iliding  preasura  on  the  base  of  the  moving  mass,  allied,  as  before 
•nggested,  to  alaty  cleavage,  and  quite  unconnected  with  a  aedimen- 
taiy  origin. 

West  of  Cromer  there  is  no  trace  of  the  Tills,  except  possibly  as 
hjnlders  in  the  Contorted  beds.  The  whole  of  the  glacial  deposits 
appear  to  have  been  alid  along  in  mass,  and  at  the  bottom  of  the 
BioTiDg  mound  a  ground-moraine  was  formed  eq^uivalent  in  time  to 
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the  Chalkjr  Boalder-claj, 
but  in  lithologicsl  cbftrao- 
ter  much  like  tlie  Fint 
I'tll,  with  which  it  fau 
always  been  confounded. 
Ab  we  tmce  this  bed 
north  -  weetw&rd  it  b^ 
cornea  more  obAlky,  in 
foot  so  much  so  that  it 
is  difficult  to  distinguiih 
from  the  Chalk;  Boulder- 
clay,  iuto  which  it  prob- 
ably passes  near  Wells. 

The  diasfram  (Fig.  4) 
will  give  an  idea  of  the 
relatioDB  and  mode  of  oo- 
onrrence  of  the  different 
beds,  but  I  am  unable  to 
offer  any  exact  calcula- 
tions as  to  the  extent  of 
lateral  movement. 

It  is  evident  that  th» 
amount  of  vertical  thick- 
ening of  the  beds  givet 
the  measure  of  their 
lateral  compression  and 
horizontal  movement,  so 
that  a  bed  doubled  in 
thickness  is  compressed 
into  half  its  original  ex- 
tent, and  if  one  end  ii 
stationary  the  other  will 
have  moved  a  distance 
equal  to  half  the  total 
breadth. 

I  f  we  try  to  obtain  some 
estimate  of  the  probable 
extent  of  the  lateral  com- 
pression of  the  beds,  we 
are  at  ouoe  met  by  the 
difficulty  that  the  coast 
section  runs  nearly  at 
right  angles  to  the  line  of 
foroe^and  we  need  sections 
alongthatline.  However, 
by  means  of  projecting 
points  and  of  Tarious 
stream  channela  we  find 
that  near  Cromer  the 
beda    must    have    been 
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about   doubled  in  thickness,  but  the  absence  of  inland  sections 
prevents  any  further  estimates  being  made. 

Inland   exposures  of  Contorted  Brift, — If  the   explanation   above 
advanced  as  to  the  date  and  mode  of  formation  of  the  contortions  be 
correct,  it  is  evident  that  it  ought  also  to  account  for  the  contorted 
beds  near  Norwich  and  in  the  Waveney  Valley. 
.  Before  examining   the  coast   section  I   mapped   a  considerable 
district  in  the  Waveney  Valley,  on  the  borders  of  Norfolk   and 
Suffolk.     While  engaged  in  this  country  I  was  constantly  puzzled 
to  find  that  where  the  Lower  Boulder-clay  was  contorted,  it  was 
always  directly  overlaid  by  the  Chalky  Boulder-clay ;  but  where  im- 
contorted,  the  two  were  commonly  separated  by  the  undisturbed 
Middle  Glacial  Sands.     If  I  am  correct  in  referring  the  contortions 
to  the  age  of  the  Great  Chalky  Boulder-clay,  it  is  evident  that  this 
is  just  what  we  ought  to  expect ;  but  on  the  theory  that  the  contor- 
tions are  contemporaneous  with  the  bed,  it  is  a  most  extraordinar}' 
coincidence.     In  the  Norwich  district,  also,  my  colleague,  Mr.  H.  B. 
Woodward,  has  found  that  all  the  large  disturbances  can  be  referred 
to  the  period  of  the  Chalky  Boulder-clay. 

This,  1  think,  will  much  simplify  East  Anglian  geology,  as  it  now 
appears  that  all  the  large  disturbances  are  referable  to  one  period — 
that  of  maximum  glaciation,  or  of  the  Chalky  Boulder-clay.* 

Summary  and  General  Conclusions, — The  changes  that  have  taken 
place  since  the  close  of  the  Pliocene  epoch  may  be  thus  summed  up, 
commencing  at  the  oldest  deposit : — 
Arctic  Freshwater  Bed,  with  Salix  polarts,  Betula  nana^  etc. 
First  Till. — Advance  of  the  ice  descendiu<^  from  the  chalk  escarp- 
ment, and  ploughing  out  sand-bauks  and  marine  boulder-clays  of  the 
Wash. 

Intermediate  Beds. — The  ice  recedes  a  few  miles,  and  glacier-mud 
is  deposited  as  ripple-marked  loams  and  marls  on  the  hunimocky 
surface  of  the  First  Till. 

Second    Till. — Ice   again  advances,  forming  a  second  deposit  of 
unstratified  till. 
Sands. — Submergence  and  formation  of  fine  false-bedded  sands. 
Contorted  Drift. — Stroiigly  but  irregularly  bedded  boulder-clay, 
probably  8edimeutar3\ 
Bedded  Sands  and  Marls. — Classed  with  the  Contorted  Drift. 
Middle  Glacial  ?     Sands  and  gravels,  resting  on  a  slightly  eroded 
surface  of  the  Contorted  Drift — not  in  valleys,  as  sU\ted  by  Messrs. 
Wood  and  Ilarmer. 

Chalk}'  Boulder-clay. — Represented  by  the  chalk  and  marl  masses 
near  Cromer,  and  by  a  ground-moraine  sometimes  formed  at  the 
base  of  the  Contorted  Beds.  The  large  contortions  are  all  of  this  date. 
The  period  from  the  Chalky  Boulder-clay  to  the  i)resent  time 
seems  also  to  be  well  represented  in  the  Cromer  Cliffs,  but  as  the 
later  glaciations  did  not  extend  so  far  south,  the  Boulder-clays  of 

*  See  also,  with  regard  to  the  similar  larjjc  disturbances  in  the  Island  of  Mom, 
nowproTtd  to  be  of  Glacial  origin,  Joknstrup,  in  Zeit^chrift  der  Deutscbeu  Geol. 
Oesfclbchaft,  1874,  p.  633. 
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the  north  of  England  appear  in  this  district  to  be  replaced  by  valley 
deposits  of  various  kinds. 

The  present  features  of  East  Norfolk  have  been,  I  think,  in  the 
main  produced  by  the  deepening  of  irregularities  left  on  the  dis- 
appearance of  the  great  ice- sheet.  The  mound  of  Contorted  beds 
pushed  up  by  the  ice  still  remains  and  forms  the  high  land  near 
Cromer.  Valleys  have  been  cut  out  of  it,  and  the  tops  of  the 
contortions  planed  off,  but  it  still  forms  an  important  feature  in  the 
physical  geography  of  Norfolk. 

I  have  been  quite  unable  to  find  any  trace  of  the  inter-glacial 
valley  erosion  mentioned  by  Messrs.  Wood  and  Harmer.  Where 
the  Middle  Glacial  descends  into  the  valleys,  it  is  the  result  of 
contortion,  and  not  of  erosion,  and  it  is  difficult  to  understand  how 
a  Post- Glacial  valley  could  coincide  with  an  Inter-Glacial  one,  cut 
through  soft  beds,  and  which  had  been  filled  up  and  must  be  again 
excavated.  If  a  valley  happens  to  cut  through  a  number  of 
contortions,  synclinals  will  occasionally  bring  the  gravel  to  the 
bottom  ;  but  where  an  anticlinal  is  cut,  the  gravel  is  not  to  be  found, 
and  it  is  then  said  that  it  has  been  all  scoured  out  of  the  valley. 


m. — Mb.  Hill  on  the  Cause  of  the  Glacial  Epoch. 

By  James  Croll,  LL.D.,  F.R.S. 

I  HAVE  just  read  Mr.  Hill's  criticism  on  my  views  as  to  the  cause 
of  the  Glacial  Epoch,  and  have  to  thank  him  for  the  fair  and 
courteous  way  in  which  he  has  treated  the  subject.  I  fear  Mr.  Hill 
has  come  to  his  conclusions  somewhat  too  hastily.  He  appears  to 
me  to  have  totally  misapprehended  the  real  effect  of  fogs  and  a 
snow-covered  surface  on  climate,  and  also  the  influence  of  eccentri- 
city on  the  trade-winds.  But  I  must  defer  for  the  present  entering 
into  any  discussion  on  the  matter.  My  object  just  now  is  simply  to 
direct  attention  to  an  erroneous  assumption  which  appears  to  lie  at 
the  base  of  nearly  all  the  objections  which  have  been  urged  against 
the  theory  that  the  Glacial  Epoch  resulted  from  an  increase  of  ec- 
centricity. 

It  is  assumed  that  when  the  eccentricity  was  at  a  high  value,  and 
the  summer  in  perihelion,  more  snow  must  have  been  melted  than  at 
present.  It  is  assumed  that  the  quantity  of  snow  melted  must  be 
proportional  to  the  heat  received  from  the  sun.  Suppose  that  on  a 
certain  area  a  given  amount  of  snow  falls  annually.  The  amount  of 
heat  received  from  the  sun  per  annum  is  computed,  and  after  the 
usual  deduction  for  that  cut  off  by  the  atmosphere  has  been  made, 
if  it  bo  found  that  the  quantity  remaining  is  far  more  than  sufficient 
to  melt  the  snow,  it  is  then  assumed  that  the  snow  must  be  melted, 
and  that  an  accumulation  of  snow  and  ice  year  by  year  in  this  area 
is  impossible.  To  one  approaching  this  perplexing  subject  for  the 
first  time  such  an  assumption  looks  very  plausible,  but  nevertheless 
it  is  one  totally  opposed  to  known  facts.  Take,  for  example.  Green- 
land.    We  know  that  that  area  receives  from  the  sun  per  annum 
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more  than  fifty  times  the  araoimt  of  heat  required  to  melt  all  the 
snow  and  ice  formed  on  it,  and  yet  that  country  is  huried  under  ice. 
The  annual  precipitation  on  Greenland  in  the  form  of  snow  and  rain, 
according  to  Dr.  Rink,  amounts  to  only  12  inches,  and  two  inches  of 
this  he  considers  is  never  melted,  but  is  carried  away  in. the  form  of 
icebergs.  The  quantity  of  heat  received  at  the  equator  from  sun-rise 
to  sunset,  if  none  were  cut  off  by  the  atmosphere,  would  melt  3  J 
inches  of  ice,  or  100  feet  a  year.  The  quantity  received  between 
latitude  60°  and  80°,  which  is  tiiat  of  Greenland,  is,  according  to 
Meech,  one-half  that  received  at  the  equator.  The  heat  received  by 
Greenland  from  the  sun,  if  none  were  cut  off  by  the  atmosphere, 
would  therefore  melt  60  feet  of  ice  per  annum,  or  50  times  the 
amount  of  snow  which  falls  on  that  continent.  What  then  cuts  off 
the  98  per  cent,  of  the  sun's  heat?  Is  it  clouds  and  fog?  If  so, 
why  do  not  these,  according  to  Mr.  Hill's  theory,  supply  sufficient 
heat  to  melt  the  small  quantity  of  snow  which  falls  on  Greenland  ? 
And  if  the  heat  is  not  cut  off,  and  far  more  than  sufficient  to  melt  the 
ice  reaches  the  ground,  why  is  not  the  ice  melted  ? 

Take  another  example.  South  Georgia  in  the  latitude  of  England 
is  covered  with  snow  and  ice  down  almost  to  the  sea-shore  during 
the  whole  summer,  and  yet  the  amount  of  heat  which  that  island 
receives  is  sufficient  to  melt  62  feet  of  ice.  Why  then  are  not  the 
snow  and  ice  melted  ?  Suppose  the  snowfall  there  were  ten  times 
greater  than  that  of  Greenland,  which  it  evidently  is  not,  yet  this 
would  not  amount  to  one-sixth  part  of  what  the  sun's  heat  could 
melt.  What  then  cuts  off  the  80  per  cent,  of  the  sun's  heat  ?  It 
cannot,  according  to  Mr.  Hill,  be  either  clouds  or  fogs,  and  if  the 
heat  is  not  cut  off,  the  question  returns,  why  are  not  the  snow  and 
ice  melted  ?  There  is  still  another  thing  to  be  explained.  The  snow 
falls  in  that  region  in  the  very  middle  of  summer,  but  snow  would 
not  fall  unless  the  temperature  was  near  the  freezing-point.  Why 
then  have  we  such  a  low  midsummer  temperature,  notwithstanding 
the  fact  that  the  sun  is  in  perihelion  at  that  season  ? 

There  is  another  class  of  facts  utterly  at  variance  with  Mr.  Hill's 
fundamental  proposition.  The  lofty  peaks  of  the  Himalayas,  the 
Andes,  and  other  mountain  ranges  are  covered  with  perpetual  snow. 
There  comparatively  few  of  the  sun's  rays  are  cut  off,  and  yet  the 
snow  is  perennial.  Few,  I  suppose,  would  admit  that  at  these  great 
elevations  more  than  50  per  cent,  of  the  sun's  heat  could  be  cut  off. 
But  if  50  per  cent,  reached  the  snow,  this  would  be  sufficient  to  melt 
50  feet  of  ice,  and  this  no  doubt  is  more  than  ten  times  the  quantity 
which  actually  requires  to  be  melted.  Why  then  does  not  the  heat 
melt  the  snow  ? 

I  have  little  doubt  that  if  Mr.  Hill  will  ponder  over  the  subject, 
80  as  to  find  out  a  satisfactory  answer  to  the  foregoing  queries,  he 
will  satisfy  himself  that  the  causes  to  which  I  attribute  the  Glacial 
Epoch  are  not  so  impotent  as  he  has  been  led  to  suppose. 
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IV. — On  Linnarsson's  Regent  Disoovebies  in  Swedish  Geologt. 

By  Cha&leb  Lafworth,  F.G.S.,  etc. 
(PAET  II.) 

{Continued from  p,  37.) 

On  the  GraptoUtea  of  Gothhnd  (Om  Gotlands  Graptolither).  By 
G.  Linnarsson.  Ofv.  af.  Kongl.  Vetens.  Akad.  Forh. ;  1879,  No.  o, 
pp.  12. 

The  island  of  Gothland,  so  rich  in  all  other  Silurian  fossils,  is  re- 
markably poor  in  Graptolites.  Angelin  and  Lindstrdm  simply  noted 
the  fact  of  their  presence,  but  did  not  attempt  their  identification. 
At  Dr.  Lindstrom's  suggestion,  Mr.  G.  Linnarsson  here  describes  and 
figures  the  two  species  that  have  been  procured  from  these  strata, 
from  examples  now  in  the  Kiks-Musei  of  Stockholm. 

The  commoner  form  in  the  Gothland  beds  is  the  familiar  species 
Monograptus  priodon,  Bronn.  The  author  gives  a  careful  description 
of  this  form,  principally  from  the  Gothland  examples,  which  appear 
to  be  in  a  good  state  of  preservation.  He  points  out  that,  as  in  the 
examples  from  Dalame,  Westrogothia,  and  Britain,  the  polypary 
in  this  species  is  perfectly  straight  throughout,  except  near  the 
proximal  extremity,  where  it  is  slightly  recurved.  He  admits,  how- 
ever, with  characteristic  candour,  that  this  latter  feature  gives  colour 
to  Barrande's  reference  of  the  Bohemian  sub- spiral  forms  to  this 
species.  I  would  here  remark  that  the  beautifully  curved  example 
figured  by  Barrande  (Grapt.  de  Boheme,  plate  i.  figs.  1,  2,  4,  6,  6, 
7,  8,  9)  is  the  only  one  of  those  placed  by  him  under  Jlf.  priodan, 
which  agrees  strictly  with  our  British  species  in  the  form  and 
relations  of  the  thecsB.  The  examples  illustrated  in  his  figures 
2,  and  10  to  14,  if  they  are  correctly  figured  (and  no  one  who 
has  honestly  studied  Barrande's  works  can  doubt  this),  cannot  be 
jlf.  priodoUf  as  I  understand  it,  but  must  belong  to  some  species  as 
yet  undescribed.  I  have  myself  occasionally  detected  specimens  not 
unlike  Barrande's  ^g.  1,  but  they  are  excessively  rare,  and,  like  his, 
have  the  appearance  of  having  been  unnaturally  distorted. 

Linnarsson  points  out  very  correctly  that  M.  priodon  is,  perhaps, 
more  closely  allied  to  Monogr,  lohiferua,  M'Coy,  than  to  the  typical 
form  of  31,  HalU,  Barr.,  near  which  I  have  referred  it.  The  latter 
is,  however,  a  most  variable  form,  and  many  of  our  extreme  Britisii 
varieties  have  been  generally  referred  to  Monogr.  priodon, 

M.  LudensiSf  Murch.,  and  M.  CHutonenaia,  Hall,  are  placed  by  the 
author  among  the  synonyms  of  M,  priodon,  but  he  is  careful  to  note 
that  in  the  present  state  of  our  knowledge  they  are  most  conveniently 
regarded  as  distinct.  That  their  individual  distinctness  will  eventually 
be  placed  beyond  question  appears  to  me  to  be  quite  clear.  With 
regard  to  M.  Zudenaia,  quoted  by  Murchison,  from  the  Lower 
Ludlow  beds  of  Siluria,  neither  Mr.   Hopkiuson  nor  myself,  nor 
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indeed  any  of  the  local  geologists,  have  ever  been  able  to  detect  a 
fragment  of  M.  priodon  in  the  Lower  Ludlow  rocks.  A  glance  at 
Sowerby*8  drawing  of  the  species  in  question  (Siluria,  plate  xviiL 
fi^.  la),  shows  that  it  was  made  from  a  partly-decorticated  specimen. 
His  magnified  drawing,  fig.  la,  certainly  gives  the  general  impression 
that  the  thecse  were  similar  in  form  to  those  of  Jf,  priodon.  But  it  is 
impossible  to  reconcile  their  appearance  with  that  of  the  thecal  on 
the  adult  part  of  the  polypary  on  fig.  1,  which  are  like  those  of  my 
Mi  M'Coyii.  If  the  examples  illustrated  on  fig.  2  are  the  same 
species,  the  question  is  settled,  for  these  are  wholly  distinct  from 
those  of  M.  priodon.  As  regards  M,  Clintonenais,  Hall,  the  differences 
are  so  marked  that  the  question  of  identity  may  soon  be  disposed  of. 
la  M.  ClinionensiSf  Hall,  the  polypary  is  slender ;  it  has  a  ventral 
carvature  ;  its  proximal  thecsd  are  those  of  the  proximal  end  of  M, 
Sed^tcicki,  Portk.  (var.  Heubemi,  Greinitz) ;  its  distal  thecaa  alone  re- 
semble those  of  3f.  priodon,  and  they  are  wholly  destitute  of  anything 
like  overlap.  In  If.  priodon,  on  the  other  hand,  the  polypary  rapidly 
becomes  stout  and  thick;  i^  is  either  quite  straight,  or  it  has  a  dorsal 
curvature  only ;  its  proximal  thecffi  point  in  the  direction  of  those  of 
Jf.  lobiferus,  M*Coy ;  and  in  the  adult  thecsB  there  is  invariably  an 
amount  of  overlap,  equal  to  at  least  half  the  length  of  the  thecss. 
Of  coarse,  the  value  of  these  criteria  vary  in  the  minds  of  palseonto- 
logists  in  direct  proportion  to  their  ideas  of  what  amount  of  dif- 
ference ought  to  separate  allied  species;  but  I  would  diffidently 
anbmit  the  opinion,  that  if  these  three  forms  had  been  Trilobites, 
Mr.  Linnarsson  would  never  have  been  aware  of  the  possible  exist- 
ence of  this  difficulty. 

The  second  form  noticed  is  Betiolites  Geinitzianus,  Barr.  This  is 
also  illustrated  with  several  fine  figures  and  described  with  great 
care.  From  a  comparison  of  specimens  collected,  not  only  from 
Grothland,  but  also  from  the  mainland  of  Sweden,  and  from  Norway, 
the  author  finds  the  transverse  section  of  the  polypary  to  have  been 
an  oval,  truncated  at  both  ends.  He  is  unable  to  detect  anything 
like  true  partition -walls — the  coarse  filaments  generally  so  called 
apparently  forming  an  integral  portion  of  the  filiform  framework. 
The  appearances  point  rather  in  the  direction  of  the  theory  that  the 
whole  interior  of  the  polypary  formed  a  single  undivided  chamber ; 
a  theory  which,  however,  he  does  not  advocate,  as  it  is  discordant 
with  the  opinions  of  those  palaaontologists  who  have  already  carefully 
examined  the  species.  In  a  specimen  in  relief,  from  Norway,  he 
finds  a  sub-median  network,  like  that  upon  the  exterior  surface, 
traversing  the  body  of  the  polypary  longitudinally.  There  is  no 
trace  of  a  virgula  in  the  Gothland  specimen ;  but  in  examples  from 
the  mainland,  a  longitudinal  fibre  is  frequently  visible ;  but  whether 
ibis  is  actually  a  true  virgula,  or  whether,  as  Hall  and  myself  have 
suggested,  there  are  actually  two  of  these  median  threads,  one 
straight  and  the  other  zig-zag,  there  is  in. the  Swedish  specimens  no 
evidence  to  show.  The  mouths  of  the  thecas  are  figured  as  octagonal, 
but  there  is  no  trace  of  ornamentation  around  their  apertures. 

These  Graptolites  are  found  in  the  strata  of  both  of  the  two  maiu 
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divisions  of  the  Oothland  Silurian — tbe  so-called  Wisby  Group  and 
the  Middle  Gothland  Group.  Betiolites  Geinitzianus  has  been  de- 
tected by  the  author  only  in  the  Wisby  Group ;  Monograptus  priodtm 
occurs  in  both  formations. 

On  the  Fauna  of  the  Exaulans  or  Coronatua  Limestone  of  Sweden 
(Om  Faunen  in  Kalken  med  Conoeoryphe  exsulans;  Coronatus- 
Kalken).  By  G.  Linnarsson.  pp.  28,  3  plates  of  figures.  Stockholm, 
1879. 

At  Eiviks  Esperod  in  Scania,  where  the  horizontal  Cambrian 
rocks  are  washed  bare  by  the  waters  of  the  Baltic,  Dr.  Nathorst 
discovered,  several  years  ago,  a  remarkable  fossiliferous  limestone 
undoubtedly  belonging  to  the  Primordial  Zone  of  Bantinde— con- 
taining a  Trilobite-fauna,  almost  wholly  new  to  science.  In  his 
description  of  the  fauna  of  this  limestone  he  enumerated  Paradoxides 
Tesaini,  Paradox.  Hicksi,  Solenopleura  and  Conoeoryphe  (Geol.  Foren. 
For.  1877,  p.  264).  The  commonest  fossil  he  referred  to  the 
Spanish  species  Conocephalites  coronattie  of  Barrande  and  Yemeuil, 
and  gave  the  limestone  the  distinctive  title  of  Coronatus-Limestone.  It 
now  appears,  however,  that  Nathorst  was  in  error  in  referring  the 
Swedish  fossil  to  C,  coronatus ;  for  according  to  Linnarsson  the  two 
forms  are  quite  distinct.  Nathorst*s  title  for  these  beds  is  thus  no 
longer  suitable,  and  Linnarsson  replaces  it  with  the  name  Exstdant 
Limestone,  after  the  new  title  he  here  assigns  to  the  characteristic 
fossil. 

At  Kiviks  Esperod  the  Cambrian  beds  commence  with  the  usual 
sandstones.  These  are  overlaid  by  gi-eywackes,  undoubtedly  belong- 
ing to  the  Zone  of  Olenellua  (Paradoxidea)  KJertdfi,  These  support 
a  grey  clay  shale,  underlying  a  band  of  nodular  limestone.  In  the 
shales  a  few  fossils  are  present — Paradoxidea  sp.,  Conoeoryphe 
Dahnaniy  Ang,  Acrothele  intermedia,  Linnrs.  Next  follows  the  so- 
called  Coronatus-Limestone,  which  forms  the  subject  of  this  paper. 
It  is  here  a  hard,  grey,  slightly  bituminous  limestone.  Above  it 
follows,  after  an  insignificant  hiatus,  another  limestone,  the  fossils  of 
which  allow  us  to  parallel  it  without  doubt  with  the  well-known 
Andrarum-Limestone  of  Angelin,  or  the  Zone  of  Paradoxidea 
Forchammeri  of  Linnarsson. 

Similar  fossils  to  those  present  in  the  Coronatus  Limestone  of 
Kiviks  Esperod  were  detected  in  1870  by  Dr.  Nathorst  in  loose 
stones  near  Sandby.  At  Gislof,  where  bedded  Cambrians  are  visible, 
Herr  von  Schmaleiizee,  who  completed  the  survey  of  Kiviks  Esper6d, 
detected  the  fossils  of  the  Coronatus  zone  in  abundance.  Finally, 
the  same  indefatigable  investigator  has  discovered  the  same  fauna  in 
the  classical  locality  of  Andrarum,  not  only  in  loose  blocks,  but  also 
in  situ  from  beds  immediately  below  the  strata  of  the  zone  of 
Pa  ra  doxidea  Teaaini. 

Linnarsson  rightly  points  out  that  the  fossils  of  the  Coronatna  or 
Exsulana  Limestone  are  most  distinctly  allied  to  those  of  his  zone 
of  Paradoxidea  Teasini:  but  if  we  have  regard  to  Schmalenzee's 
discovery  at  Andrarum,  they  may  conveniently  be  regarded  as 
marking  a  new  horizon  or  sub-zone,  immediately  below  it  in  the 


Agnottui  gibhut^  Liniirs. 

failaXj  Linnrs. 

JiMutf  Lundgr.  MS. 

Metoptoma  Barrandei^  n.  sp. 
JfyolithuSf  sp.  ind. 
LinguUUay  sp.  ind. 
AerotheU  utter  media,  n.  sp. 
OboUlla  sagittatis,  Salt. 
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SQOoession.     The  following  are  the  oommoner  fossils  of  this  new 
horizon : — 

fwaioxidf  Ttuini,  Brongn. 

Hicktii,  Salt 

Tar.  palpebronta. 
Uottraeus  aeu/sattu,  Aug. 
SiUnoplewra  parva,  tl  sp. 
Conoeoiyph*  exMulant,  n.  sp. 
=C  coronatu*  of  Nathorst. 
Cmocor^hs  Dalmam,  Ang. 

temUemeta^  n.  sp. 

— impretta,  n.  sp. 

Of  the  above  species,  at  least  four — Paradox,  Tessini,  Ziostr. 
aedeatua,  Agnosius  gilhus,  and  AgnostuB  fallax — ^have  been  collected 
from  the  zone  of  Paradoxidea  Tessini,  under  its  most  typical  aspect, 
not  only  in  Scania,  but  in  Westrogothia,  Nerike  and  in  Oland.  On 
the  other  hand,  not  one  has  certainly  been  recognized  in  the  zones  of 
Paradoxides  Kjerulfi  and  Paradoxides  Forchammeri,  which  lie  respec- 
tively above  and  below  the  zone  of  Paradox,  Tessini, 

The  fossils  of  the  Coronatus-Limestone  are  almost  wholly  peculiar 
to  Scandinavia.  A  few  of  those  figured  by  Barrande  from  his  Etage 
C.  are  somewhat  similar,  but  are  not  actually  identical.  As  yet  it  is 
impossible  to  institute  a  comparison  between  the  fauna  of  the  Coro- 
natus-beds  and  that  of  any  of  the  presently  accepted  subdivisions  of 
the  British  Cambrian,  from  the  fact  that,  owing  to  the  indifferent 
state  of  preservation  of  the  Biitish  species,  it  is  as  yet  impossible  to 
say  which  of  them  are  identical  with  the  Swedish  forms.  From  the 
general  aspect  of  the  fauna,  however,  it  is  suggested  that  the  syste- 
matic place  of  the  Coronatus-Limestone  is  between  the  Menevian 
and  Longmynd  Groups,  as  these  are  presently  defined  by  Dr.  Hicks. 

The  whole  of  the  known  species  of  the  Coronatus-Limestone  are 
described  in  full  by  the  author,  and  illustrated  in  three  very  beauti- 
ful lithographic  plates.  Under  his  description  of  Acrothele  inter' 
media,  Linnarsson  replies  briefly  to  the  strictures  of  Ford,  more 
especially  with  reference  to  the  implication  that  Acrothele  was 
ignorantly  founded  upon  the  heterogeneous  elements  of  the  dorsal 
shell  of  Lingula  and  the  operculum  of  Hyolithua ;  and  points  out 
extra-Swedish  examples  of  his  genus. 

The  strikingly  Primordial  character  of  the  rich  fauna  of  this 
previously  overlooked  Coronatus  zone  is  apparent  at  a  glance,  and 
forms  another  of  the  abundant  recent  indications  that  the  under- 
rated Cambrian  system,  absorbed  into  the  Silurian  by  the  omnivo- 
rous Murchisonians  and  despised  and  rejected  by  the  discontented 
followers  of  Sedgwick,  is  certain  to  prove  itself  as  important  in  the 
geological  series  as  the  better  understood,  and  therefore  more  highly 
estimated  systems  that  succeeded  it 

Like  all  Mr.  Linnarsson's  papers,  this  bears  upon  every  page  the 
marks  of  keen  research  and  of  modest  caution,  combined  with  deep 
pals^ntological  knowledge,  and  it  forms  a  most  valuable  contribution 
to  the  literature  of  the  Cambrian  rocks. 
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Address  Delivered  to  the  Norwich  Geological  Society  by  the 
RETIRING  President,  Mr.  Horace  B.  Woodward,  F.G.S., 
November  4th,  1879. 

After  referriDg  to  recent  pn)Beontological  investigations  that  bear 
npon  tlie  geology  of  Norfolk,  Mr.  H.  B.  Woodward  proceeded  as 
follows : — 

Leaving  now  the  subject  of  organic  remains,  the  collection  of 
which  possesses  a  peculiar  charm  in  itself,  I  pass  on  to  note  a  few 
points  in  physical  geology,  in  the  study  of  which  it  is  not  always 
ea«y  to  kindle  and  maintain  an  interest  This  leads  me  into  my  own 
more  particular  branch  of  investigation,  and  opens  up  the  question, 
often  asked  me  during  my  rambles  across  country,  "  What  is  the  use 
of  the  Geological  Survey  ?  "  I  shall  not  take  up  your  time  by  attempt- 
ing an  elaborate  answer  to  this.  In  each  county  geology  may  have 
different  economic  applications,  and  it  is  hardly  a  fair  answer  to  tell 
the  Norfolk  agriculturist  the  value  of  maps  and  sections  in  mining 
districts,  when  he  questions  their  practical  value  in  his  own  oounty. 
My  colleague,  Mr.  F.  J.  Bennett,  has,  however,  lately  taken  up  the 
subject,  and  in  an  essay  read  before  the  Ixworth  Farmers'  Club,*  has 
called  attention  to  the  relations  of  the  Geological  Survey  to  agri- 
culture. The  object  of  the  Survey  is  to  portray  on  maps  (the 
Ordnance  Survey  Sheets  being  used)  the  superficial  distribution  of 
the  various  strata  or  subsoils.  In  Norfolk  these  comprise  Chalk, 
and  several  kinds  of  gravel,  sand,  loam,  clay,  and  marl.  Such 
deposits  are  classified  according  to  their  relative  ages ;  and  this  is  an' 
essential  point,  because  any  one  understanding  their  order  of  super- 
position,  and  mode  of  occurrence,  can  form  a  very  good  idea  (from 
the  geological  map)  of  the  strata  likely  to  be  met  with  in  opening  a 
pit  or  sinking  a  well.  In  short,  the  map  is  an  index  to  the  under- 
ground arrangement,  and  its  applications  in  reference  to  economic 
deposits  are  at  once  appai^ent. 

While  brick-yards  and  lime-works  mark  the  principal  manufac- 
turing industries  connected  with  the  geology  of  Norfolk,  it  is  to  its 
agricultural  capabilities  that  the  county  is  specially  indebted.  And 
in  this  respect,  indeed,  it  stands  almost  unrivalled  among  English 
^unties.'  Hence  it  may  be  felt  that  it  is  with  the  soils,  even  more 
tnan  with  the  subsoils  or  beds  beneath,  that  a  great  part  of  the 
population  is  chiefly  concerned ;  and  at  first  sight  the  bearings  of 
geology  upon  agriculture  seem  limited.  Nevertheless,  looked  at  in 
a  large  way,  the  rural  economy  of  the  country  is  directly  influenced 
by  the  geology — partly  from  the  character  of  the  rocks  themselves, 
partly  from  the  physical  features  which  have  resulted  from  them. 
Thus  the  older  rocks  of  the  north  and  west  of  England,  rising  in 
rugged  hills  and  mountains,  with  comparatively  little  soil,  support  a 
herbage  suitable  for  sheep.  The  new  red  rocks,  the  Liassic  and 
Oolitic  clays,  form  pasture  land,  and  upon  them  the  dairy  farms 

1  Published  at  Diss,  1879,  '  Lincolnshire  is  said  to  stand  pre-eminent 
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aboand.  The  Liiassio  and  Oolitic  limestones  are  largely  devoted  to 
cereals  and  green  crops.  The  chalk  areas,  where  bare  of  soil,  are 
consigned  to  sheep- walks,  while  the  Tertiary  strata  and  drifts  form 
rich  agrioultural  districts. 

When  we  look  more  particularly  at  the  soils,  we  find  a  direct 
relation  between  them  and  the  beds  beneath.  It  has  been  spoken  of 
as  a  sort  of  agricultural  axiom,  that  the  soil  follows  the  contour. 
And  when  we  remember  that  the  strata  over  the  chief  agricultural 
districts  in  England  are  comparatively  horizontal,  that  the  valleys 
expose  snocessive  strata  beneath,  we  can  readily  understand  that 
as  they  follow  the  contour,  the  soils  must  be  influenced  by  the 
sabsoils.  Indeed,  if  we  take  the  classifications  of  soils  made  by 
agricultural  writers,  this  is  apparent.  For  the  sake  of  example,  we 
may  take  the  general  grouping  adopted  by  Mr.  C.  S.  Read,  M.P.  He 
divides  Norfolk  yito  five  heads : — I.  The  chalk ;  2.  Blowing  sand ; 
3.  Stiffer  soils;  4.  Naturally  good  soils;  d.  Diluvial  soils.  The 
Chalk  is  most  conspicuous  at  the  surface  in  West  Norfolk.  The 
blowing  sand  corresponds  to  the  Glacial  Sands,  including  the  heath- 
laud  around  Thetford,  and  that  in  the  parishes  of  Horsford,  Fel- 
thorpe,  etc.  The  stififer  soils  comprise  the  Chalky  Boulder-clay  of  the 
country  around  Tivetshall,  Long  Stratton,  Attleborough,  etc.  The 
naturally  good  soils,  found  chiefly  to  the  north-east  of  Norwich,  con*e- 
spond  to  the  Contorted  Drift,  and  form  the  best  land  in  the  county, 
including  that  around  Burliugham,  Barton,  Stalham,  Bacton,  and  the 
Flegg  Hundred.  Then  we  have  the  diluvial  tracts,  including  the 
fen  land  and  the  alluvial  meadows  of  the  river  valleys.  Thus  we  see 
{hat  this  division  of  soils  corresponds  to  the  larger  grouping  of  the 
strata  beneath. 

After  all,  soils  in  most  cases  are  merely  the  weathered  surface  of 
the  subsoil,  commingled  with  decayed  vegetable  and  animal  matter, 
and  they  vary  in  depth  according  to  local  circumstances,  and 
according  as  the  subsoil  is  suitable  for  worms,  moles,  and  other 
burrowing  and  soil-forming  animals.  Frequently  indeed  the  subsoil 
is  ploughed  up,  aud  it  is  astonishing  to  see  how  often  masses  of 
Chalky  Boulder-clay  are  turned  over,  appearing  quite  fresh,  when 
one  would  have  expected  the  calcareous  matter  to  have  been  dis- 
solved out  The  Crag  itself  is  occasionally  ploughed  up ;  and,  in 
company  with  Mr.  Sothem,  I  lately  saw  at  Wroxliam  a  furrow 
deeply  eroded  by  rain,  which  exposed  a  bed  of  shells.  Betweei^ 
Worstead  and  North  Walsham  the  buff-coloured  Glacial  Sands  are  to 
be  seen  here  and  there  in  the  ploughed  fields,  but  in  these,  as  in 
other  cases,  more  particularly  on  the  hill-slopes,  where  the  soil  is 
liable  to  be  washed  away. 

In  some  cases  it  happens  that  the  soil  is  of  a  boggy  and  peaty 
nature,  or  it  may  be  formed  chiefly  from  the  relics  of  a  deposit  that 
once  overspread  the  district,  and  which  has  been  almost  entirely 
removed  by  denudation.  Such  deposits  may  not  be  shown  on  geo- 
logical maps ;  but  from  what  has  been  said,  the  map  will  in  all 
cases  be  a  guide  to  the  nature  and  capabilities  of  any  tract  of 
ground* 
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In  reference  to  mining  enterprise,  geology  has  more  often  done 
good  in  preventing  useless  trials  for  '<  minends  '*  than  in  promoting 
explorations,  and  particularly  in  the  matter  of  coal-boring,  in  which 
people  seem  most  inclined  to  speculate.  Black  shale  is  generally 
enough  to  stimulate  hope,  and  a  man  at  Shottesham,  probably  from 
the  testimony  of  the  rocks  in  a  Boulder-clay  pit,  told  me  he  knew 
there  was  coal  in  the  parish.  Not  a  hundred  yeai*s  ago  a  trial  for 
coal  was  made  within  five  miles  of  Norwich.  In  his  account  of 
Framingham  (1820),  Dr.  Kigby  says,  "There  is  a  traditionary 
report,  also,  that  even  coal  has  been  found  here,  and  some  years  ago 
I  was  induced,  in  conjunction  with  the  late  James  Crowe,  Esq.,  who 
had  some  property  in  the  neighbourhood,  to  dig  to  a  considerable 
depth  on  a  high  part  of  what  was  then  the  heath.  Near  the  surface 
was  gravel,  and  below  it  clay,  which  continued  until  water  rose  and 
stopped  our  progress."  He  mentions  the  finding  of  "  two  isolated 
pieces  of  pure  coal "  in  the  clay  ;  but  these  were  probably  lignite, 
being  "  of  a  texture  very  different "  from  the  Newcastle  coal. 
When  called  upon  to  give  some  answer  concerning  the  likelihood  of 
getting  coal  in  Norfolk,  I  always  reply  in  the  affirmative,  with  these 
saving  clauses,  that  a  shaft  be  sunk  deep  enough,  say  one  thousand 
or  fifteen  hundred  feet,  and  that  the  speculator  be  fully  prepared 
to  find  no  coal. 

As  the  question  of  the  extension  of  Coal-measures  beneath 
the  Secondary  and  newer  strata  in  England  is  one  which  concerns 
us,  I  will  endeavour  to  point  out  the  present  state  of  the  case. 
Supposing  the  chalk,  which  extends  from  Flamborough  Head  and 
Hunstanton  to  Salisbury  Plain,  were  to  be  found  now,  as  no  doubt 
once  upon  a  time  it  was  found,  still  further  west  over  Somersetshire, 
Gloucestershire,  and  the  Midland  Counties,  we  might  then  feel  some 
difficulty  and  hesitation  in  sinking  for  Coal-measures  beneath  it,  over 
areas  where  they  are  now  exposed.  We  might  make  borings,  and 
come  across  the  Cambrian  rocks  at  Charnwood  Forest,  the  Silurian 
rocks  near  Dudley  and  at  Tortworth,  or  the  Old  Bed  Sandstone  on  the 
Mendip  Hills ;  and  we  might  altogether  misS  the  Coal-measures  of 
Leicestershire,  Warwickshire,  South  Stafibrdshire,  Bristol,  and 
Somerset.  Much  in  this  way  have  we  been  groping  about  in  the 
east  and  south-east  of  England,  where  several  borings  have  been 
made,  which  have  reached  these  older  rocks.  Thus  as  you  well 
know,  in  the  deep  well  at  Harwich,  a  dark  bluish-grey  slaty  rock  of 
Carboniferous  age  was  met  with  at  a  depth  of  1,029  feet  beneath  the 
Eocene  beds  and  Chalk.  At  Kentish  Town,  beds  belonging  most 
probably  to  the  Old  Bed  Sandstone  were  reached  at  a  depth  of  1,114 
feet;  at  Meux's  Brewery  in  the  Tottenham  Court  Boad,  London, 
Devonian  rocks  were  met  with  at  a  depth  of  1,064  feet;  and  at 
Crossness,  near  Blackwall,  in  Kent,  strata  classed  as  Old  Bed  Sand- 
stone, or  Devonian,  were  touched  at  a  depth  of  1,004  feet.  Further,  in 
May  of  this  year  [1879],  Mr.  Etheridge  announced  the  interesting  fact 
that  Silurian  rocks  (Wenlock  shale)  had  been  met  with  in  a  boring 
at  Ware,  in  Hertfordshire,  at  a  depth  of  only  800  feet  below  the 
Burfaoe.     Moreover,  a  study  of  the  rocks  in  Belgium  and  the  north. 
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ef  France  reraala  the  foot  that  Goal* 
BMmires  are  fonnd  flometimea  at 
depths  of  only  300  or  400  feet  be- 
neath the  Chalk  and  Tertiary  strata. 
And  here  they  are  aooompanied, 
Memingly  in  perfect  conformity,  by 
Devonian  rooks,  like  those  found 
under  London. 

With  these  fsots  before  as,  there 
can  be  no  question  that  there  is 
great  probability  of  productive  Coal- 
measures  being  met  with  in  the 
eart  of  England.  And  we  most 
give  all  honour  to  Mr.  Godwiu- 
AuBten  for  having  suggestsd  this 
before  any  one  of  these  borings  had  J 
been  made.  I 

On  the  Continent  the  Pdseozoio 
rocks  are  remarkably  disturbed,  and 
even  inverted,  thus  presenting  many 
feateres  in  oommon  with  the  strata 
on  the  Hendip  Hills.  It  is  these 
ditturbauces  wbic^  prevent  any  S 
accurate  calculations  being  made  aa  ^ 
to  the  probable  position  of  the 
Coal-measures  here  or  there,  from 
the  facts  at  present  told  by  our 
deep  borings. 

Professor   Prestwich,  in  his  re-    s 
marks  on  the    Devouian    rocks  at     § 
Heux's  brevrery,  was  led  to  infer    a 
thst  Coal-measures   might   he   met 
with  to  the  north  of  a  line  drawn 
between  Maidstone    and   London; 
bat  he  added  that "  the  Palseozoio 
itiata  are  so  disturbed  and  folded, 
that  neither  the  dip  nor  the  relative      . 
position     of     the    Devonian     beds    | 
afford  any  certain  guide  to  tbe  posi- 
tion of  the  Carboniferous  trough." 

Since  these  remarks  were  made, 
the  Silurian    rocks   have  been   de-    ^ 
tected    at    Ware.     That    discovery    ^ 
may,  however,  in  no  way  affect  the    | 
matter,  as  in  the  Dudley  Coal-field, 
the  Wenlock  beds  rise  up  iu  prox- 
imity  to    the    celebrated  ten-yard 
Kam  of  coal. 

Concerning    the    slaty    rock    at    ^ 
Harwich,  Professor  Prestwich  Las    ^ 
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pointed  out  its  resemblance  to  a  bed  in  the  neighbourhood  of  Mens, 
in  Belgium,  that  attains  a  thickness  of  about  200  feet»  reposing  on 
th(3  Carboniferous  Limestone,  and  immediately  underlying  the  Goal- 
measures.  He  was  disposed  to  think  that  this  rock  at  Harwich  lay 
on  the  north  side  of  a  coal-basin,  in  which  case  the  Lower  Carboni- 
ferous and  Devonian  beds  would  rise  beyond  it  and  pas9  under  Suffolk. 
Considering  the  disturbances  before  alluded  to,  we  need  by  no 
means  conclude  that  Coal-measures  are  likely  to  be  absent  from 
Norfolk;  on  the  contrary,  the  undulations  affecting  the  Palaeozoic 
rocks  are  quite  likely  to  bring  in  a  coal-basin  in  some  portion  of  this 
area.     (See  diagram,  p.  75.) 

Mr.  Gunn,  who  has  brought  this  subject  before  you  on  several 
occasions,  has  recommended  a  trial-boring  to  be  made  at  Hunstanton. 
Of  course,  in  West  Norfolk,  whether  at  Hunstanton,  Lynn,  or  Down- 
ham  Market,  we  avoid  the  Chalk,  which  we  know  to  be  over  1,000 
feet  at  Norwich  ;  but  we  do  not  know  how  thick  the  Oolitic  strata 
may  be  in  this  district,  and  at  Lynn  the  depth  of  680  feet  has  been 
reached  without  passing  through  them.  Whereas,  in  proceeding 
towards  Harwich,  we  know  that  the  Oolitic  strata  must  gradually 
die  out,  for  at  this  locality  the  Cretaceous  beds  rest  directly  upon  the 
Palseozoic  rocks.  From  these  remarks  it  may  be  gathered  that  scientific 
opinion  cannot  ever  do  more  than  assert  the  prohahility  of  coal 
being  met  with  here  or  there;  and  at  present  it  can  only  assert 
the  possibility  of  coal  in  Norfolk,  without  mentioning  any  one 
locality  as  more  likely  than  another  to  yield  it. 

A  very  important  application  of  geology  is  in  the  matter  of 
water  supply.  Mr.  Sutton  has  brought  the  subject  before  us,  and 
he  has  pointed  out  that  where  water-bearing  strata  occur  beneath 
an  impervious  bed,  which  would  keep  out  all  sewage  contamination, 
there  we  have  the  most  suitable  conditions  for  a  well.  He  stated 
that  the  best  souixses  of  domestic  water  in  Norfolk  are  from  the 
Chalk  or  from  the  porous  sands  resting  on  it,  where  these  are 
overlaid  by  some  deposit  of  clay.  These  "porous  sands"  are  the 
beds  known  more  familiarly  to  us  as  the  Norwich  Crag  Series, 
including  thereby  not  only  the  Upper  and  Lower  Crags  of  Norwich, 
but  the  Bure  Valley  beds.  This  series  is  overlain  to  the  north  and 
north-east  of  Norwich  by  the  Lower  Glacial  Brickearth ;  while 
south  and  west  of  Norwich  it  is  extensively  overlain  by  the  Chalky 
Boulder-clay.  Water  is  sometimes  held  up  in  this  sandy  series  by 
one  of  the  laminated  clay  beds,  and  where  these  are  absent,  the 
Chalk  itself  saturated  with  moisture  holds  up  the  water :  or  again 
it  may  be  obtained  at  varying  depths  from  fissures  or  cavities  in  the 
Chalk.  Hence  Norfolk  has  no  cause  to  complain  of  its  capabilities 
of  yielding  a  water-supply,  although  no  single  well  is  likely  to  yield 
any  very  large  amount.  And  it  is  to  be  hoped  that  some  day 
Government  will  take  up  the  subject,  and  insist  upon  good  wattf 
being  supplied  to  every  dwelling  in  the  land. 

[After  referring  to  the  recent  floods  in  Norwich,  the  President 
continued : — ]  A  study  of  the  present  physical  aspect  of  our 
land  cannot   fail  to  interest  us.     Who  of  us  in  wandering  over 
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the  cultivated  surface  of  Norfolk  is  not  glad  to  find  here  and  there, 
thoagh  very  rarely,  a  tract  of  wild  country  that  helps  to  lead  back 
the  imagination  to  those  good  old  times  when  as  yet  the  hand  of 
Man  hfl^d  not  materially  altered  Ihe  face  of  the   country;    when 
Nature,  in  fact,  had  it  pretty  much  her  own  way.     In  thus  looking 
back  we  are  at  once  faced  by  the  conclusion  that  Man  is  older  than 
most  of  the  present  minor  features  of  Norfolk.     The  deposits  in 
which  the  earliest  remains  of  PalaBolithic  man  have  been  obtained, 
when  he  was  associated  with  the   Mammoth,  Rhinoceros,  Hippo- 
potamus, Bison,  Musk-sheep,  Hyeena,  and  the  old  British  Lion,  are 
older  than  the  present  valleys  in  East  Norfolk.     For  we  find  no 
records   of  any  Paleeolithic  implements  in  the  valley  deposits  of 
the  Bure,   the  Wensum,  the  Yare,  or  the  Waveney.     The  finding 
of  an  implement  at  Cringleford  by  Mr.  Harmer  is  significant,  but  it 
is  quite  possible  that  the  deposit  in  which  this  occurred,  like  that 
at  Hoxne,  in  Suffolk,  was  cut  through  during  the  formation  of  the 
present  valley.     And  this  locality  of  Cringleford,  together  with  that 
of  Runton,  are  the  only  ones  in  the  eastern  half  of  Norfolk  which 
have  yielded  Palaaolithic  implements.     What  the  general  aspect  of 
the  country  was  at  this  period  of  Man's  early  habitation,  I  cannot 
pretend  to  say ;   nor  can  I  attempt  to  discuss  the  relations  of  the 
three  divisions  of  Palaeolithic  man,  which  Mr.  Skertchly  has  been 
led  to  establish  from  his  observations  in  the  west  of  Norfolk,  and 
which  are  separated  one  from  another  by  the  periods  of  glaciation 
assigned  to  the  great  Chalky  Boulder-clay,  and  to  the  Purple  Boulder- 
day  of  Yorkshire  and  North  Lincolnshire.      Great  changes  came 
about  after  these  beds  were  formed.     A  large  part  of  the  country 
was  submerged,  as  much  as  1,300  feet  in  Wales,  and  subsequently 
re-elevated.     Severe  glacial  conditions  again  desolated  the  northern 
tracts  during  the  formation  of  the   Hassle  Boulder-clay.      These 
gradually  ameliorating,  the  climate  became  once  more  suitable  for 
man,  the  present  drainage  system  of  Norfolk  was  established,  and  from 
this  period  we  date  the  introduction  of  our  modern  fauna  and  flora.* 
Then  Britain  was  united  to  the  Continent ;   the  Chalk  of  Dover 
was   not   then   separated  from   the  main  land,   for,  as  Verstegan 
remarked  in  1605,  in  speaking  of  the  wolf,  no  man  "would  ever 
transport  any  of  that  race  for  the  goodness  of  that  breed,  out  of  the 
continent  into  any  Isles."     And  over  this  connecting  area  did  the 
animals  and  plants  migrate.     Norfolk  became  i\  land  of  heath,  wood- 
land, and  swamp,  tenanted  by  the  Wolf,  Brown  Bear,  Reindeer,  Irish 
Elk,  and  other  Deer ;  by  the  long-fronted  Ox  or  Celtic  Shorthorn,  the 
Urus,  and  the  Beaver ;  and  I  may  add,  also,  the  Fresh-water  Tortoise 
discovered  at  Wretham,  and  brought  to  our  notice  more  recently 
from  Mundesley.     Since  then  Great  Britain  has  been  isolated  from 
Ireland  and  the  continent,  and  the  coast  of  Norfolk  has  undoubtedly 
been  encroached  upon  to  an  extent  we  can  scarcely  calculate — it 
may  be  two  or  three  miles.     Land  has,  however,  been  gained  in  our 
eastern  valleys  and  in  the  Fenland.   Beyond  the  widening  and  deepen- 
ing of  valleys,  the  actual  surface  of  the  country  would  not  seem 
^  See  J.  Geikie,  Great  Ice  Age,  2nd  ed.  p.  570  (table). 
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to  have  been  greatly  modified  in  feature,  considering  the  many 
remains  of  Neolithic  art  scattered  over  the  country ;  while  the  old 
flint  MTorkings  called  Grimes'  Graves,  near  Brandon,  still  remain 
to  tell  of  the  Neolithic  workers,  considered  by  Mr.  Skeitcbly  to  be 
the  direct  ancestors  of  the  modem  flint  knappers,  whose  laboars 
he  has  so  lately  described  and  illustrated.  Even  the  pit  dwellings 
of  the  early  British  or  Iceni,  described  as  occurring  on  the  heaths  of 
Weybourn,  Marsham,  Mousehold,  and  other  places,  remain  as  if  to 
bear  witness  against  any  great  subaerial  denudation*  But  it  must 
be  borne  in  mind  that  in  porous  districts  material  is  often  removed 
by  springs  at  the  base  of  hills,  and  the  general  level  lowered  without 
the  surface  features  being  much  altered. 

Partly  owing  to  its  situation,  but  partly  also  to  its  agricultural 
capabilities,  Norfolk  was  one  of  the  earliest  inclosed  districts.  The 
woodlands  were  effectually  cleared,  so  that,  not  even  in  name,  has 
any  old  forest  been  handed  down  to  us,  beyond  what  perhaps  the 
derivation  of  such  a  word  as  Holt  may  indicate.  The  settlements 
became  numerous — each  indosure  or  abode  being  marked  by  the 
names  of  places  ending  in  -ham,  -ton,  -wick,  -by,  -stead,  -field, 
-thorpe,  -hall,  -worth,  etc.,  so  that  eventually  a  larger  number  of 
parishes  was  formed  in  Norfolk  than  in  any  other  county. 

Hence  we  may  trace  some  connexion  between  geology  and  the 
modem  aspect  of  each  country.  And  for  my  own  part  I  do  not  like 
to  end  the  geological  story  at  what  is  called  the  Prehistoric  or 
Neolithic  period,  as  if  that  marked  any  particular  or  world-wide 
change.  Geological  history,  so  far  as  we  can  read  it,  is  a  "  story 
without  an  end."  Our  lives  are  wrapt  up  in  it.  Geology  is  con- 
tinually teaching  us  the  influence  of  the  past  on  the  present.  And, 
setting  aside  the  practical  benefits,  we  learn  that  the  truer  benefits  it 
bestows  are  in  the  influence  its  teachings  have  or  ought  to  have  on 
the  happiness  of  mankind. 

The  account  of  a  well-boring  here,  or  the  name  of  a  fossil  found 
there,  are  but  the  means  by  which  we  can  realize  geological  history 
— the  means  by  which  the  picture  is  painted. 

In  a  novel  we  judge  of  the  sequel  according  to  the  story  in  pro- 
gress, we  anticipate  the  ultimate  triumph  of  good  over  evil.  And  in 
the  evolution  of  the  earth,  while  it  may  be  difficult  enough  to  see 
evidence  of  good  design  in  every  animated  object,  and  in  the  evils 
to  which  all  are  subject,  yet  there  is  so  much  of  beauty  and  harmony, 
that  we  need  not  spend  our  lives  in  lamenting  over  the  evils  and 
afflictions.  Surely  the  diversified  scenery,  the  infinite  variety  of 
plants  and  animals,  of  rocks  and  soils,  and  their  adaptation  to  the 
wants  of  man,  though  they  be  the  results  of  evolution,  and  of 
interaction  of  causes  one  upon  the  other,  are  not  merely  the  way- 
ward expression  of  natural  forces,  un  thought  of  and  disregarded. 
And  in  our  attempts  to  anticipate  the  sequel  of  geological  history 
-seeing  so  much  that  is  good  and  true  and  beautiful — we  feel  that 
the  story  can  have  but  one  end,  that  the  more  we  learn  of  the  great 
truths  of  Nature,  the  more  do  they  compel  our  reverence  and 
admiration,  the  more  do  they  inspire  our  faith. 
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I.— A  Manual  of  thi  Gbology  of  India.  Chiefly  compiled  from 
the  Observatioos  of  the  Geological  Survey.  By  H.  B.  ^IBDLICOTT, 
M.A.,  F.R.S.,  Superintendent,  Geological  Survey  of  India ;  and 
W.  T.  Blanford,  A.R.S.M.,  F.R.S.,  Deputy-Superintendent. 
2  vols.  8vo.  pp.  Izzx.  and  817.  Illustrated  by  23  Plates,  and  a 
Geological  Map.  (Published  by  order  of  the  Government  of 
India:   Calcutta,  1879.)     London:  Triibner  <fe  Co. 

THE  year  1879  forms  an  era  in  Asiatic  Geology,  as  it  witnessed 
the  publication  of  the  Manual  of  the  Geology  of  India,  a  full 
and  very  able  summary  of  the  status  of  Geological  Science  in  India 
up  to  1878,  written  by  Messrs.  H.  B.  Medlioott  and  W.  T.  Blanford, 
the  present  heads  of  the  Geological  Survey  Department.  This 
Manual  embodies  the  result  of  the  Geological  Survey,  together  with 
those  springing  from  the  labours  of  the,  unfortunately  very  small, 
number  of  non-professional  geologists  who  have  made  India  their 
field  of  study,  and  sets  them  before  the  scientific  world,  clearly  and 
Bystematically  arranged,  in  two  volumes,  accompanied  by  a  general 
geological  map,  the  first  of  its  kind,  based  upon  a  real  survey. 

The  Manual  is  not  offered  to  the  public  as  a  complete  record  of 
the  Geology  of  India,  as  the  Survey  of  the  whole  country  is  far 
from  being  finished  ;  but,  as  the  authors  state  in  their  preface,  "  It 
had  become  imperative  as  a  duty  to  the  public  to  bring  together  a 
summary  of  the  work  accomplished  since  the  commencement  of  the 
Survey,  and  it  was  equally  essential  for  the  Survey  itself  that  some 
general  record  of  the  results  obtained  up  to  date  should  be  compiled. 
These  objects  could  only  be  obtained  by  attempting  a  general  map 
and  review  of  the  geology  of  India ;  but  the  reader  must  not 
forget  that  the  present  attempt  is  more  of  the  nature  of  a  progress 
report  than  of  a  finished  work.  The  numerous  and  large  areas  left 
blank  in  the  annexed  map  show  at  once  how  far  the  present 
publication  falls  short  of  the  promise  implied  in  the  title." 

Despite  the  admittedly  imperfect  character  of  the  work,  it  is  yet 
80  rich  in  facts  of  the  greatest  interest  to  all  true  geologists,  many 
of  which  are  now  for  the  first  time  made  public  in  an  easily  ac- 
cessible form,  that  it  is  right  to  draw  the  attention  of  the  scientific 
world  to  the  book.  Unfortunately  the  limited  length  of  this  notice 
will  not  admit  of  full  justice  being  done. 

To  begin  with  externals,  the  work  is  well  got  up,  and  the  typo- 
graphy, like  that  of  all  the  publications  of  the  Geological  Survey  of 
India,  is  good,  while  the  contents  of  the  volumes  are  rendered  easily 
accessible  by  the  full  tables  of  contents  and  general  index  ;  and  non- 
geologists  will  be  greatly  helped  by  the  glossary  of  technical  and 
Bcientific  terms  used.  The  illustrations  of  the  work  consist  of  21 
well- lithographed  plates  of  fossils,  and  of  a  few  cuts  of  sections, 
fossils  and  views  scattered  through  the  text.  A  small  sketch-map 
shows  the  courses  of  the  principal  mountain  chains,  llie  plates  of 
fossils  illustrate  clearly  the  forms  recognized  by  the  Survey  PalaBon- 
tologists  as  leading  types. 
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A  noteworthy  feature  of  the  Manual  is  that  the  separate  work  of 
each  of  tlie  two  aathors  is  made  distinctly  clear,  the  authorship  of 
each  chapter  being  stated.  It  will  be  seen  from  this  that  by  far  the 
larger  share  of  the  labour  of  drawing  up  the  Manual  fell  to  Mr. 
Blanford,  whose  great  knowledge  of  Biology  has  enabled  him  to 
treat  tlie  subject  in  a  far  more  interesting  manner  than  would  haye 
been  possible  to  a  mere  stratigraphist 

The  weakest  point  of  the  Manual  is  the  Qeological  Map  of 
India  given  with  it ;  but  for  this  the  authors  can  hardly  be  held 
responsible,  as  they  had  only  to  lay  down  the  geological  features  on 
the  best  topographical  map  they  could  find :  and,  unfortunately,  the 
best  available  is  lamentably  deficient  in  expression  of  the  physical 
features  of  the  country,  there  being  no  attempt  at  any  representa- 
tion of  the  moimtains.  That  no  good  topographical  map  of  India 
exists  on  which  geologists  might  work  is  certainly  to  the  discredit 
of  the  Topographical  and  Greographical  Departments.  The  scale  of 
geological  colouring  adopted  is  also  unsatisfactory,  being  too  pale, 
and  too  little  contrasting,  to  impress  the  eye  readily  and  favourably. 
The  adoption  of  a  livelier  scale  would  be  very  advantageous  for  cJl 
the  maps  to  be  issued  by  the  Indian  Geological  Department 

The  interest  of  the  Manual  would  also  have  been  considerably 
enhanced  if  a  larger  number  of  sections  had  accompanied  the  text, 
for  sections,  even  if  only  diagrammatic,  add  wonderfully  to  the 
facility  of  understanding  and  remembering  geological  facts  and 
arguments. 

To  take  up  the  text  systematically,  the  preface  explains  briefly  the 
plan  of  the  work,  the  reasons  for  the  double  authorship,  and  the 
reasons  for  not  giving  a  chapter  on  Economic  Geology,  which  is 
promised  as  a  separate  work,  and  will,  we  trust,  soon  appear. 

The  introduction  is  a  lengthy,  but  very  interesting  chapter,  written 
by  Mr.  Blanford,  which  gives  a  capital  risumi  of  the  whole,  includ- 
ing an  outline  of  the  physical  geography  of  the  country  within  the 
limits  of  the  work,  which  coincide,  roughly  speaking,  with  those  of 
the  Indian  Empire.  Tliis  is  followed  by  a  list  of  the  geological 
formations  now  recognized,  of  which  ample  tables  are  given.  The 
remaining  principal  topics  of  consideration  are  a  summary  of  the 
geological  history  of  India,  speculations  on  the  origin  of  the  Hima- 
layan range,  and  the  adjacent  Indo-Gangetic  plain  (the  two  most 
sti-ongly-contrasting  physical  features  of  Northern  India),  the  dis- 
tribution of  the  recent  fauna,  and  questions  of  the  affinities  of 
Indian  and  Ethiopian  mammals,  the  survival  of  older  types  in  the 
Indian  area,  the  Glacial  epoch,  and  sub  recent  changes  of  level. 

The  Introduction  concludes  with  notices  of  previous  summaries  of 
Indian  Geology,,  and  some  tables  of  the  classification  of  European 
formations,  and  of  the  Animal  Kingdom,  which  are  given  for  com» 
parison. 

The  remaining  chapters  of  the  Manual  treat  at  length  of  the 
several  geological  formations  in  their  principal  areas  of  development, 
those  of  the  Peninsular  area  being  disposed  of  in  the  first  volume, 
and  those  of  the  Extra-Peninsular  in  the  second,  the  several  formar 
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tions  being  everywhere  considered  in  ascending  order.  Tliis  division 
is  based  upon  the  very  remarkable,  but  truly  natural  subdivision  of 
India,  on  geological  as  well  as  geographical  grounds,  into  two  areas, 
divided  from  each  other  by  the  great  alluvial  spreads  of  the  Indo- 
Qangetio  plain,  and  styled,  from  their  respective  positions,  the 
Peninsular  and  the  Extra-Peninsular  areas.  This  bipartite  sub- 
division greatly  simplifies  the  treatment  of  the  geology  of  India  as  a 
whole. 

The  geological  formations  recognized  differ  as  greatly  in  their 
character  in  the  two  great  areas  as  do  the  physical  features  of  the 
areas  themselves.  As  the  authors  point  out  (Introduction,  p.  xi) : 
"  Throughout  the  Peninsular  area,  there  is,  from  the  lowest  to  the 
highest  formation,  a  most  remarkable  deficiency  of  fossiliferous 
marine  rocks  ;  the  few  that  occur  being  almost  exclusively  found  in 
the  neighbourhood  of  the  present  coast,  or  else  in  the  deserts  lietween 
the  Arvali  Chain  and  the  Kiver  Indus.  With  one  solitary  instance, 
that  of  some  Cretaceous  beds  occupying  a  limited  area  in  the  Narbada 
>'alley,  no  instance  is  known  of  marine  fossils  being  found  in  the 
Indian  Peninsula  to  the  south-east  of  the  Arvali  range  at  a  greater 
distance  than  70  miles  from  the  coskst." 

It  is  then  shown  that  the  absence  of  marine  fossils  is  not  due  to 
the  alteration  of  the  strata,  nor  to  the  absence  of  rocks  suitable  to 
have  preserved  organic  remains. 

The  oldest  marine  fossiliferous  rocks  in  the  Peninsular  area  are 
Jurassic,  and  these  are  well  represented  only  in  Cutch  and  the 
neighbouring  countries.  "  The  Cretaceous  marine  rocks  are  better 
represented ;  although  a  considerable  portion  of  the  series  is  wanting, 
and  the  ai*ea  occupied  is  very  small.  The  marine  beds  of  the 
Tertiary  period  are  also,  so  far  as  is  known,  very  ill  developed,  or 
wanting,  except  in  Guzerat  and  Cutch."  Fer  contra^  marine  fossili- 
ferous beds  are  not  uncommon  in  the  Extra-Peninsular  area — represen- 
tatives of  the  Silurian,  Carboniferous,  Triassic,  Jurassic,  Cretaceous, 
Eocene,  and  Miocene  ages  having  been  found,  "  and  in  many  cases 
a  complete  sequence  of  the  diiferent  subdivisicms  of  each  epoch  has 
been  detected  ;  although  far  less  time  and  labour  have  been  devoted 
to  the  examination  of  the  country  than  have  been  given  to  the 
Peninsula,  and  although  the  geology  of  the  area  is  in  general  much 
more  complicated,  and  the  task  of  surveying  suiTounded  by  greater 
difficulties."     (p.  xii.) 

As  the  Manual  may  very  likely  not  come  in  the  way  of  many  of 
the  readers  of  the  Geological  Magazine,  it  will  be  well  to  quote  in 
fall  the  classified  lists  of  formations  given  by  the  authors,  who 
themselves  point  out  that  **  the  great  European  subdivisions  of  the 
geological  sequence — PalaBozoic,  Mesozoic  and  Tertiary,  or  CaBuozoic— 
are  ill  adapted  for  the  classification  of  the  Indian  beds :  and  in  several 
instances,  as  will  be  shown  more  fully  in  other  chapters  of  this 
work,  the  correlation  of  the  strata  found  in  the  Peninsula  of  India 
with  the  geological  series  elsewhere  is  far  from  satisfactorily 
decided.  The  lower  formations  in  this  list  are  simply  classed  as 
Azoic.     The  subdivisions  are  not  always  strictly  consecutive  \  ^om^ 
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of  the  marine  Cretaoeous  rocks  being  of  the  same  age  as  the  Deocan 
traps,  and  the  marine  Jurassic  beds  being  contemporaneous  with  the 
Upper  Gondwanas."     (p.  xii.) 

«*  CLASSIFIED    LIST    OF    FORMATIONS    IN     PENINSULAR     INDIA.' 
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(  Blown  Sand.     Soils,  including  black  soil  or  regur.  *) 
Recent     I  ^^^™  alluvial  deposits  of  rivers,  estuaries,  and  the  I 
AND    Post- J      sea-coast.     Kb&dar  of  Indo-Gangetic  Plain,  etc.  [ 
np»«-., .  „^ '  I  Raised  shell-beds  of  coast.  [ 

Low  -  level  laterite.  Older  alluvial  deposits  of 
t  Ganges,  Narbnda,  God&vari,  etc.  Cave  deposits.  ^ 
/  Miliolite  of  Eattywar.  Pliocene,  Miocene  and  Eocene 
(Nummulitic)  beds  of  Cutch  and  Guzerat.  Sand- 
stones, clays,  and  lignites  of  the  West  Coast, 
Travancore,  and  Ratn^iri.  Cuddalore  sandstones. 
High-level  laterite. 

I  Upper  traps  and  inter-trappeans  of  Bombay.  Middle 
traps.  Lower  traps  and  inter-trappeans  of  Central 
India,  R&j&mahendri,  etc.  Lameta  or  infra- 
trappean  group.  Infra-trappeans  of  R&j&- 
manendri. 

IArialdr,  Trichinopoly,  and  Utattir  groups. 
B&gh  beds. 
Neocomian  of  Cutcb. 

Umia.  Eatrol,  Ch&ri  and  Pacbham  groups  of 
Cutch.  Jesalmir  limestones,  Tripetty,  and  Raga- 
vapuram  beds  of  East  Coast. 

'  Cutch  and  Jabalpur.  | 
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Damdda: — R&niganj  or  K&mthi,  ironstone  f 
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Earharb&ri  and  T&lchir.  / 

Bh&nrer  (Bundair).  ) 
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This  full  table  is  followed  by  another  brief  one,  in  which  it  is 
attempted  to  correlate  the  more  important  non-marine  fossiliferous 
Peninsular  rocks  with  their  supposed  marine  representatives,  and 
the  latter  with  their  European  equivalents. 

As  the  results  of  this  correlation  are  very  interesting,  and  prob- 
ably very  near  the  truth,  this  table  is  also  reproduced.     (See  p.  85.) 

[Note  to  Table  reproduced  on  p.  83.]  **  The  thickness  of  the  different  formations 
has  only  been  determined  in  a  few  instances  ;  so  few  that  it  is  useless  to  quote  them. 
The  amounts  are  very  great,  the  Tertiair  rocks  alone  attaining  a  vertical  development 
in  places,  as  in  Sind,  of  nearly  30,000  feet" 
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-CLASSIFIED    LIST    OF    FORMATIONS     IN     EXTRA.PENINSUL-\R 

TERRITORIES    BELONGING    TO    INDIA." 


BECENT  AND 

POST- 
TERTIARY. 

PLIOCENE. 
MIOCENE. 


Allavial  and  lake  deposits.    Sub-nimalayan  high-level  gravels/ 


EOCENE. 


CRETACEOUS  ^ 


jrRASSlC. 


TRIASSIC. 


PERMIAN 
AND    CAR- 
BONIFEROUS 


SILURIAN. 


INFRA- 
SILURIAN. 


Upper  Manchhars  of  Sind.  Upper  and  Middle  Siwaliks  of  Sub- 
Ilimalayas,  Punjab,  etc.  Mammaliferous  deposits  of  Western 
Tibet.  Dehing  group*  of  Assam.  Fossil  wood  deposits  of 
Pegu. 

j  Lower  Manchhars  and  G&j  of  Sind.    Murree  beds*  (in  part). 

(     N&han.*    Tipam  group  of  Assam  ?•     Pegu  group  of  Burma. 

^  Upper,  Nari  group  of  Sind.  Kusauli  and  Dagshai*  groups  of 
Sub-Himalayas. 

Middle,  Nummulitic  Limestone  of  Sind,  Punjab,  Assam,  Burma, 
etc.  Khirthar  of  Sind.  Sub&thu  of  Sub-Himalayas. 
Indus  or  Shingo  beds  of  Western  Tibet.  Coal- 
measures  of  Assam  ? 

Lower,     Rauikot  beds  of  Sind.  Lower  Nummulitics  of  Salt  Range. 

Upper,  Deccan  Trap.*  Cardita  Beaumonti  beds  and  Creta- 
ceous Sandstones  of  Sind.  Olive  group  of  Punjab 
Salt  Range.  Disan?  eroup*  of  Assam.  Upper 
Cretaceous  of  Khksi  Hills.  Negrais  beds  of  Burma. 
(N.B.  It  is  not  certain  that  some  of  tiiese  formations 
may  not  be,  in  part  at  least,  Eocene.) 
Middle.  Hippuritic  Limestone  of  Sind.  Cretaceous  beds  of 
Mount  Sirban  in  Haz&ra,  and  of  Eoh^it.  Chikkim 
b^  of  North-Western  Himalayas.  Cretaceous  beds 
of  Assam,  in  part.  Mai-i  group  of  Burma. 
^LoxceTj  or  Neocomian.     Beds  in  Chichkli  Pass,  Salt  Range. 

f  Upper,     Salt  Range,   Gieumal    and    Spiti    beds   of   Northern 
Punjab  and  North- Western  Himalayas. 
Middle.    Variegated  croup  of  Salt  Range.     Part  of  Spiti  shales 

in  North- Western  Himalayas  ? 
Lower,  or  Lias.     Upper  Taeling  Limestone  of  North- Western 

Himalayas.     Sylhet  trap  ?• 
Upper,  including  Hhatie.     Lower  Tagling  Limestone  of  North- 
Western  Himalayas.    Nerinaa  beds  of  Mount  Sirban, 
Haz&ra.     P^a  Limestone  of  North-Western  Hima- 
layas.    Reds  with  Megalofion  and  Dieerocardium  at 
Mount  Sirban,  Haz&ra. 
Middle.    Salt  Range?  Lilang  series  of  North-Western  Hima- 
layas and  Kashmir.    Axial  group  of  Burma  P 
Lower,     Ceratite    beds    of    Salt    Range.      Infra-Triassic*    of 

Haz&ra,  in  part? 
Salt  Range  Carboniferous  limestone.    Damildas  of  Sikkim  and 
Bhut&n  P    Infra-Triassic*  of  Haz&ra  ?     Kr61  Limestone*  of 
Pir  Panj&l  ?    Kr6l*  Limestone  and  Infra-Krol*  of  Western 
Himalayas  ?    Kuling  series  of  North-Western  Himalayas  and 
Kashmir.     Maulmain  group  of  Burma. 
Obolui  beds  of  Salt  Range.     Attock  Slates*  of  Upper  Punjab  ? 
Slates*  and  traps*  of  Pir  Panj&l  and  Kashmir  P     Muth  and 
Bh&beh  series  of  North-Western  Himalayas.      Blaini*   and 
Infra-Blaini*  of  Simla  area  ? 
Salt-marl*  of  Salt  Range.     Gneiss*  of  Pir  Panj&l  and  Lad&k. 
Upper  Gneiss*  of  Z&nsk&r  Range.     Shillong  series*  of  Assam 
HiUs  ?    Mergui  group  P* 
Lower  or  Central  Gneiss*  of  Himalayas.    Gneiss  **  of  Assam  &nd 
Burma. 
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Eqmvahntt, 

EU&OPEAK. 

Middle  Eocene. 
Lower  Eocene. 
Upper  Chalk. 
Lower  Chalk. 

Upper  Greensand. 
Jurassic. 

Triassic. 

Upper  PalflBozoio. 


ological  horizoDS  of  the  Tertiary  and  Upper  Mesozoic  beds 
I  this  be  assumed  to  have  been  very  approximately  deter- 
ut  considerable  hesitation  must  yet  be  felt  as  to  the  real 
>f  the  Lower  Gondwana  formations,  and  **  nothing  is  known 

8  of  the  Vindhyan  and  older  rooks." 

rrelation  with  each  other  of  the  several  formations  found  in 
parts  of  the  Extra-Peninsular  area  has  been  worked  out  to 
legree,  partly  because  they  are  separated  by  oountries  inac- 
o  Europeans,  as  Nepal  and  Affghanistan,  and  partly  because 
;h6  tracts  they  occur  in  are  topographically  less  known, 
ables  of  the  Extra- Peninsular  formations  are  given  in  the 
the  first  being  a  list  of  "the  representatives  of  different 
il  horizons  in  various  tracts,"  the  second  **  an  attempt  to 
be  probable  correlation  of  the  rocks  in  the  different  parts  of 
so  far  as  the  information  available  extends."     Both  these 

9  here  given,  as  they  are  of  great  value  and  interest  Where 
sk  is  affixed  to  the  name  of  a  formation,  it  shows  it  to  be 
ferous,  and  a  note  of  interrogation  that  the  position  now 
is  doubtful.     (See  pp.  82-84.)  B.  B.  F. 

(To  be  eontinued  in  our  next  IfumberJ) 


UbZELLE    NEBST   DEM   BkWEIS   DA.8S    GrANIT   GnEISS   SkB- 

FN    Talk,    oewisse    Sandstkine  auoh    Basalt,    endlioh 

EORSTEIN  UND  MetEOREISEN  AUS  PfLANZEN  BESTEHEN  I  DIB 
riCKLUMGSGESOUIGHTE  DURGH  ThaTSAGHEN  NEU  BEGRUENDET. 

»r.  Otto  Kahn.  8vo.  pp.  71,  and  30  Tab.  (Tubingen,  1879.) 

uthor  on  the  title-page  of  this  pamphlet  affirms  that  he  adds 
V  facts  in  favour  of  the  Evolution  theory,  since  he  pretends 

0  prove  that  Granite,  Gneiss,  Serpentine,  Talc,  certain 
es,  also  Basalt,  and  finally  Meteorites  and  Meteoric  Iron, 
f  Plants.  In  the  preface  he  further  claims  to  have  settlied 
ions  as  to  the  origin  of  the  earliest  rocks,  and  specially  of 
•  volcanic  rocks. 

1  following  sketch  of  his  views  we  will  leave  our  readers  to 
the  value  of  his  statements,  merely  premising  that  inverted 
signify  passages  translated  almost  literally.    He  commences 


i 
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with  the  EozooQ  question,  on  which  he  had  previously  expressed 
views  opposed  to  its  organic  origin :  his  present  opinion  is  that "  the 
limestone  of  the  Lauren tian  Gneiss  of  Canada,  the  oldest  sedimentary 
beds  of  our  Earth,  contains  a  plant  creation  belonging  to  the  family 
of  the  Alg»."  He  henceforward  speaks  of  it  as  Eophyllum,  and 
wonders  that  any  one  could  have  looked  at  Dr.  Dawson's  nature- 
printed  figure  '*  without  thinking  at  once  of  a  plant"  He  adds  on 
his  plates  several  figures,  which  he  imagines  prove  the  canal-system 
to  be  plants,  while  the  sarcode  chambers  are  plant-cells.  Our 
readers,  we  fear,  will  need  some  key  to  these  grotesque  sketches,  for 
from  beginning  to  end  we  cannot  see  the  faintest  resemblance  to  any- 
thing in  the  vegetable  kingdom,  and  certainly  they  do  not  help  us 
to  appreciate  the  wonderful  position  taken  up  in  the  text 

However,  Eophyllum  canadenae  is  said  to  be  allied  to  Fucus,  to 
have  a  cup -shaped  basal  cell,  which  gives  ofif  buds  or  brood-cells. 
In  a  somewhat  desultory  sort  of  way  the  microscopic  so-called  Algn 
are  treated  to  the  following  names, — Kampylohlan,  Leucophyllum,  ~ 
of  which  the  magnified  views  look  like  obscure  dendrites,  but  the 
description  of  them  is  highly  curious.  Paeudozoan  is  a  name  now 
given  to  Carpenter's  canal-system,  which  ranks  as  a  separate  plant 
Chairokerdos,  magnified  150  diameters,  looks  like  a  poor  sort  of 
dendrite,  but  much  is  made  of  it  in  the  description  ;  it  is  said  to  show 
spores,  etc.  Foterion,  Margarodea,  Zichnan,  Salpina,  Kilihodendron, 
Pleurophyllnm^  Fhiala,  Theochara,  Unophyton,  are  made  known  to  us 
by  sketches  without  verbal  descriptions — indeed,  they  seem  inde- 
scribable ;  we  almost  fancy  our  author  has  been  drawing  the  motes 
in  his  eye.  In  summing  up  results  the  earliest  plant  is  described  as 
a  cell — "  one  cell  fixes  itself,  the  next  grows  upwards  ....  some- 
times several  cells  are  set  one  on  the  other  ....  next  from  these 
cells,  generally  at  the  border  ....  spring  brood-cells  (buds)  in 
form  of  a  leaf  or  cup ;  the  cells  divide — so  the  stem  arises.  .... 
As  far  as  the  forms  of  the  cell  are  concerned,  they  are  inexhaustibly 
different."  We  might  add  that  they  seem  to  vary  as  much  in  size, 
and  we  confess  to  a  sort  of  curiosity  to  know  the  author's  idea  of  a 
cell.  Dr.  Carpenter's  nummuline  layer  is  described  as  chrysolite 
fibres  arranged  round  the  surface  of  the  brood-cells ;  and  our  author 
now  fancies  that  all  who  worked  at  Eozoon  and  did  not  recognize 
this — himself  included — "  must  have  been  stricken  with  blindness; 
....  every  one  who  now  examines  the  serpentine  of  the  Eophyllum 
limestone  ....  where  the  plants  are  patent  to  the  naked  eye  .... 
will  strike  his  forehead  and  exclaim.  How  was  it  possible  to  miss 
seeing  that  1 " 

Having  settled  the  oldest  plant,  we  are  introduced  to  the  earliest 
animal,  Titanus  Bismarki,  said  to  be  something  like  a  Serpula,  but 
its  tube  to  consist  of  numberless  contractile  rings.  K  we  might 
hazard  a  guess,  the  author  had  a  fragment  of  Helminth  under  his 
microscope  here,  but  it  is  described  as  possibly  ''  the  forerunner  of 
Trilobites." 

seems  to  finish  what,  from  internal  evidence,  we  may  call  the 
olgecfe  of  the  book ;  the  remainder  is  rather  disoursivey  both  in 
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matter  and  style.  For  instance,  a  letterweight  of  Saxony  Serpentine 
was  the  cause  of  the  next  discovery.  Bluish  spots  in  it  attracted 
attention. ;  "  how  astonished  was  I  to  find  in  the  greater  part  of  it 
plant-forms  1  to  2  centimetres.*'  The  conclusion  follows  without 
farther  delay — "the  greater  part  of  Serpentines,  particularly  the 
Bohemian  and  Saxon,  are  nothing  but  AlgsB  beds."  The  plant  which 
lived  among  this  water-deposited  Serpentine  is  called  Ophthalmia 
Hochstetleri.  Surely  the  eye  affection  has  been  here  attributed  to  the 
wrong  person. 

But  further  wonders  follow.  The  work  was  just  closed  for  the 
second  time  when  it  was  remembered  that  some  Canadian  rocks 
were  still  unpacked ;  to  this  happy  memory  we  owe  the  discovery 
that  "all  the  Laurentian  Gneiss  is  nothing  but  a  great  plant 
deposit"  "  Most  of  these  Algse  are  visible  to  the  naked  eye."  One 
is  named  Dufferinta,  another  Victoria  (a  botantical  inadvertence), 
and  another  Selvynia. 

Again  the  work  was  closed,  and  it  was  on  the  way  to  the  press 
when  the  following  train  of  thought  occurred :  "  If  Laurentian 
Gneiss  is  a  mass  of  plants,  why  should  not  our  Gneiss  be  so  ?  And 
if  our  Gneiss  is,  why  not  Granite  and  Porphyry  ?  "  It  was  the  work 
of  a  single  night,  hut  the  result  comes  out  as  expected,  "  all  Granite 
is  nothing  but  plants,  no  stony  matter  in  it,  all  plant ;  Mica  and 
Hornblende  are  the  calyx-cells,  Felspar  the  substance  of  the  plant  .  .  • 
Quartz  forms  mostly  brood-cells.  .  .  .  Porphyry  contains  living 
plants  .  .  .  and  is  the  detritus  of  primitive  rocks."  The  plant  in 
Ghurnet  rock  is  called  Granatina  Heeri.  That  in  Carrara  marble,  said 
to  be  a  meter  long,  is  named  Marmora  Darwini,  Judging  from  the 
sketch  it  does  not  seem  to  consist  of  more  than  a  score  of  so-called 
cells  I 

Then  follow  some  petrological  notions,  we  extract  the  following  : 
*•  In  the  Polariscope  the  banding  taken  for  Oligoclase  are  horizontal 
growth-stripes  of  cells.  .  .  .  Graphic  Granite  is  felspar  with  won- 
derfully fine  quartz-plants.  .  .  .  Basalts  contain  plants.  What 
Zirkel  calls  Nephelinbasalt,  are  stem- cells  of  a  plant.  Mycelium 
J^rkeli.  Fluidal  sti*ucture  is  therefore  AlgsB  cells.  Olivine  in  basalts 
are  plant  cells  ....  most  basalts  are  water  products.  .  .  .  Leucite 
fills  calyx-cells  ....  the  dots  in  the  small  crystals  are  probably 
spores.  Pitchstone  is  a  plant-rock,  and  not  volcanic.  It  is  incon- 
ceivable that  all  this  should  have  been  overlooked  till  now."  The 
above  is  verbatim. 

The  sedimentary  origin  of  Granite,  Gahhro,  Felsite,  and  Basalt 
having  been  thus  settled,  the  author  was  proceeding  to  press — he 
innocently  again  informs  us — when  he  found  some  slices  of  meteoric 
Btones  among  his  collection.  Guided  by  the  set  purpose  of  finding 
oiganic  remains  only,  he  had  put  aside  as  hopeless  these  meteorites, 
but  finally  he  determines  to  examine  them.  The  first  one  with 
much  Olivine  had  apparent  plant  remains  ;  the  second,  the  Knya- 
hinya  fall,  of  6th  July,  1858,  had  undoubted  plants — forthwith 
named  Urania  Gulielmi.  Algae,  in  another,  were  found  in  conjuga- 
tiouy  and  are  termed  Eeliola  Caroli,    The  Uainholz  meteorite  yields 
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SphcBrothallium  Swedenborgi,  Next  the  Meteorio  Iron  of  Toluca  was 
examined,  *'  it  was  plants,  and  nothing  but  plants ; "  the  name 
Aatrosideron  Quenstedii  is  proposed  for  these.  Again,  ''  Pallas  Iron, 
particularly  remarkable — the  Olivines  are  the  calyx-cells,  the  iron- 
sulphide  is  the  infilling  substance,  the  dark  iron  is  the  wood  (if  the 
expression  may  be  allowed),  the  white  iron  is  the  cell  membrane  of 
the  plant,"  it  is  termed  Alexandrea.  Fearing  lest  this  passage — 
which  gives  us  some  inkling  of  the  author's  idea  of  cell  and  plant — 
should  be  too  much  for  our  readers,  we  may  perhaps  spare  them  the 
remainder  of  his  effusions.  Of  the  state  of  the  author's  mind  there 
cannot  be  much  doubt,  but  it  is  indeed  surprising  that  any  publisher 
should  have  been  found  to  issue  such  outrageous  nonsense. 

B.  B.  T. 


Geological  Society  of  London. 

L— Dec.  17,  1879.— Henry  Clifton  Sorby,  Esq.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  '*A  Contribution  to  the  Physical  History  of  the  Cretaceous 
Flints."     By  Surgeon-Major  G.  C.  Wallieh,  M.D. 

The  author  described  the  origin,  the  mode  of  formation,  and  the 
cause  of  the  stratification  of  the  Chalk  flints.  Taking  as  the, basis  of 
his  conclusions  the  fact  brought  to  notice  by  him  in  1860 — namely, 
that  the  whole  of  the  Protozoan  life  at  the  sea- bed  is  strictly  limited 
to  the  immediate  surface-layer  of  the  muddy  deposits — he  pointed  out 
in  detail  the  successive  stages  of  the  flint-foimation,  from  the  period 
when  the  chief  portion  of  the  silica  of  which  they  are  composed  was 
eliminated  from  the  ocean-water  by  the  deep-sea  sponges,  to  the 
period  when  it  became  consolidated  in  layers  or  sheets  conforming  to 
the  stratification  of  the  Chalk.  In  relation  to  this  subject  the  author 
claimed  to  have  sustained  the  following  conclusions : — 1.  That  the 
silica  of  the  flints  is  derived  mainly  from  the  sponge-beds  and  sponge- 
fields,  which  exist  in  immense  profusion  over  the  areas  occupied  by 
the  Globigerine  or  calcareous  **  ooze."  2.  ITiat  the  deep-sea  sponges, 
with  their  environment  of  protoplasmic  matter,  constitute  by  far  the 
most  important  and  essential  factors  in  the  production  and  stratifica- 
tion of  the  flints.  3.  That,  whereas  nearly  the  whole  of  the  car- 
bonate of  lime,  derived  partly  from  Foraminifera  and  other  organisms 
that  have  lived  and  died  at  the  bottom,  and  partly  from  such  as  have 
subsided  to  the  bottom  only  after  death,  goes  to  build  up  the  calca- 
reous stratum,  nearly  the  whole  of  the  silica,  whether  derived  from 
the  deep-sea  sponges  or  from  surface  Protozoa,  goes  to  form  the  flints. 
4.  That  the  sponges  are  the  only  really  important  contributors  to 
the  flint-formation  that  live  and  die  at  the  sea-bed.  5.  That  the  flints 
are  just  as  much  an  organic  product  as  the  Chalk  itself.  6.  That 
the  stratification  of  the  flint  is  the  immediate  result  of  all  sessile 
}*rotozoan  life  being  confined  to  the  superficial  layer  of  the  muddy 
deposits.  7.  That  the  substance  which  received  the  name  of  *'  Baihy* 
bins"  and  was  declared  to  be  an  independent  living  Moneron,  is,  in 
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reality,  sponge-protoplasm.  8.  That  no  valid  lithologicdl  distinction 
exists  between  the  Chalk  and  the  calcareous  mud  of  the  Atlantic ; 
and  pro  tanto,  therefore,  the  calcareous  mud  may  be,  and  in  all  pro- 
bability is,  *'  a  continuation  of  the  Chalk- formation." 

2.  **  Undeacribed  Fossil  Camivora  from  the  Sivalik  Hills,  in  the 
Collection  of  the  British  Museum."     By  P.  N.  Bose,  Esq.,  B.Sc. 

This  communication  contained  descriptions  of  nine  species  of 
Camivora  from  the  ossiferous  Sivaliks,  together  with  an  introduction, 
in  which  the  age  of  the  Sivalik  fauna,  and  several  matters  of  general 
interest,  were  briefly  discussed.  The  '  species  described  were : — 
MachoBrodns  aivalefuis,  M.  palceindicus,  Felia  grandirriatata,  Hyana 
tivalensis,  H,  felirui,  Vioerra  Bakerii,  Zutra  palceindica,  Cants  curvi* 
palatuB^  and  C.  CauUeyi. 

Cants  eurvipalatus  is  so  named  on  account  of  the  curvation  of  the 
palate.    C.  CauUeyi  is  closely  allied  to  the  Wolf,  as  is  Viverra  Bakerii 
to  the  Civet.     The  form  of  the  forehead  is  peculiar  in  Lutra  pala^ 
indiea.     In  the  form  of  the  skull,  the  dimensions  of  the  upper  tuber- 
cular, etc.,    Eyana   sivalensis   approximates   to   the   living  Indian 
Hycena  {H.  striata) ;  but,  in  the  absence  or  extremely  rudimentary 
character  of  the  postero-intemal  cusp  in  the  lower  camassial,  as  well 
as  in  the  entire  absence  of  the  anterior  accessory  cusps  in  the  upper 
and  the  first  two  lower  premolars,  the  Sivalik  species  comes  closer 
to  H.  erocuta,     E.  felina  differs  from  all  other  species  of  Hyaena, 
linng  or  extinct,  in  the  absence  of  the  upper  premolar  I.     Felis 
grandicristata,    which    was  of  about  the  same  size  as  some  of  the 
larger  varieties  of  the  Royal  Tiger,  had  the  sagittal  crest  even  more 
prominent  than  the  F,  cristata  of  Falconer  and  Oautley.  Macheerodus 
tivaU^nsis  was  of  about  the  same  size  as  the  Jaguar.     One  of  the 
Bpfcimens,  on  which  this  species  is  based,  shows  two  molars  in  the 
deciduous  dentition  insteail   of  three    (as  in   the  genus  Felis),     M. 
falaindicus  was  considenibly  larger  than  M,  sicalensis.     Both  diflfer 
from  all  other  known  species  of  Macheerodus  in  the  form  of  the  lower 
jaw,  etc. 

II.— January  7,  1880.— Henry  Clifton  Sorby,  Esq.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  **0n  the  Portland  Rocks  of  England."  By  the  Rev.  J.  F. 
Blake,  M.A.,  F.G.S. 

The  author  gave  a  general  account  of  the  relations  of  the  several 
Portland  rocks  in  the  areas  of  their  development  to  each  other,  and 
Hence  deduced  the  histoiy  of  the  Portland  **  episode."  The  name  is 
used  on  the  Continent  in  a  wider  sense  than  in  England,  and  this 
086  was  shown  to  be  unjustifiable.  After  giving  an  account  of  his 
observations  on  the  rocks  at  Portland  itself,  and  dividing  the  lime- 
stones into  the  building-stone  and  flinty  series,  the  author  showed 
that  the  so-called  "  Upper  Portlandian  "  of  Boulogne  corresponds  to 
the  latter,  and  the  upper  part  of  the  "  Middle  Purtlandian  "  to  the 
Portland  Sand.  He  then  endeavoured  to  prove  by  the  proportionate 
thickness,  the  indications  of  change  in  the  lithology,  and  the  distri- 
batioa  of  some  of  the  fossiU,  that  the  rest  of  the  so-called  ''  Middle  " 
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and  the  "  Lower  PorHandian  **  are  represented  by  integral  portions 
of  the  Upper  Kimraeridge,  which  are  thus  the  "  normal "  form  cor- 
responding to  what  the  author  calls  the  "Boalognian  episode." 
The  series  in  the  Yale  of  Wardour  has  been  made  out  pretty  com- 
pletely. The  Purbeck  is  separated  by  a  band  of  clay  from  the  Port- 
land, and  is  not  amalgamated  with  it.  The  building-stones  and 
flinty  series  are  here  seen  again  ;  and  a  fine  freestone  occurs  at  the 
base  of  the  latter.  The  representatives  of  the  Portland  sand  were 
considered  to  be  older  than  those  of  other  districts. 

The  relations  of  the  Purbeck  to  the  Portland  rocks  at  Swindon 
were  very  carefully  traced ;  and  it  is  shown  that,  while  the  upper 
beds  of  die  latter  put  on  here  some  peculiar  characters,  the  former 
lie  on  their  worn  edges.  The  upper  beds  of  the  Portland,  which 
have  been  referred  to  the  sand,  correspond  to  the  freestone  and  the 
base  of  the  flinty  series  of  the  Yale  of  Wardour ;  hence  the  Purbecks 
of  Swindon  may  be  coeval  with  the  upper  beds  of  the  Portland  to 
the  south.  At  the  base  of  the  great  quarry  and  elsewhere  in  the 
neighbourhood  are  the  "  TVt^ofita-beds ; "  beneath  which  is  clay, 
hitherto  mistaken  for  the  Kimmeridge  Clay ;  and  beneath  this  are  the 
true  Portland  Sands,  with  an  abundant  fauna  new  to  England.  The 
limestones  of  Oxfordshire  and  Bucks  were  considered  to  represent  the 
'<  rn'^onta-beds  "  only ;  and,  as  the  Purbecks  here  lie  for  the  most 
part  conformably,  it  was  suggested  that  they  were  formed  in  a  lake 
at  an  earlier  period  than  those  at  Swindon,  which  are  of  a  more 
fluviatile  character. 

Hence  the  Portland  episode,  considered  as  marine,  was  at  an  end 
in  the  north  before  it  was  half  completed  in  the  south. 

2.  "On  the  Correlation  of  the  Drift-deposits  of  the  N.W.  of 
England  with  those  of  the  Midland  and  Eastern  Counties."  By 
D.  Mackintosh,  Esq.,  F.G.S. 

The  object  of  the  author  was  not  to  dogmatize,  jbut  to  present  the 
subject  in  a  concise  form  so  as  to  stimulate  to  further  research. 
His  scheme  of  correlation  was  founded  on  the  horizontal  continuity 
of  the  deposits  and  their  included  erratics.  He  gave  an  account  of 
his  discovery  of  the  continuous  extension  of  the  Upper  Boulder-clay 
of  Cheshire,  above  a  great  thickness  of  sand  and  gravel,  as  far  as 
Berrington,  south  of  Shrewsbury,  and  its  appearance  at  intervals 
along  the  Severn  valley  to  below  Worcester,  where  it  was  probably 
represented  by  a  bed  with  Malvem-hill  boulders  above  shelly  sand 
and  gravel.  He  traced  the  great  boulder-bearing  clay  and  gravel 
around  Wolverhampton  eastward  through  Central  England,  to  where 
it  graduated  into  the  chalky  clay  of  Lincolnshire ;  and  laid  great 
stress  on  the  commingling,  at  Wolverhampton,  in  this  deposit,  of 
erratics  (chiefly  granite  and  felstone)  from  the  north  with  erratics 
(chiefly  chalk-flints  and  gryphites)  from  the  east.  He  described  the 
clay  and  sand  around  Gainsborough,  Retford,  eta  He  correlated 
the  **  carrion,"  or  Lower  Boulder-clay  of  the  Yale  of  York  (containing 
Carboniferous,  Jurassic,  and  granitic  erratics),  with  the  lower  yellow- 
ish-brown clay  of  the  Aire  and  Wharfe  valleys  and  the  plain  of 
Craven.    He  likewise  correlated  patches  of  upper  clay  in  the  latter 
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areas  witli  the  Upper  Boulder-clay  of  the  Lancashire  plain,  hut  was 
not  certain  that  they  were  of  Hessle  age.  The  solution  of  the  main 
question  depended  chiefly  on  the  relative  age  of  the  Wolverhampton 
and  Stafford  clay-and-gravel,  which  he  was  disposed  to  regard  as  the 
equivalent  of  the  lower  hrown  Boulder-clay  of  the  N.W.  and  like- 
wise of  the  chalky  clay  of  Lincolnshire.  He  concluded  by  consider- 
ing facts  which  might  be  regarded  as  opposed  to  this  view,  and  by 
giving  his  reasons  for  regarding  the  palseontological  evidence  of  the 
relative  age  of  deposits  as  not,  in  all  cases,  reliable. 


ooi^i^Es:E>03sriDE25roE. 


KECENT  MOLLUSCA  ON  THE  SIBERIAN  TUNDRA. 

Sir, — On  the  14th  January,  1878,  Mr.  Henry  Seebohm  read  a 
paper  before  the  Boyal  Geographical  Society,  on  his  visit  to  the 
vaUey  of  the  Yenesei  in  1877,  and  which  was  subsequently  published 
in  the  Proceedings  of  the  same  Society.  In  his  most  interesting 
account  of  that  region,  the  tundras  are  thus  described.  ''The 
Siberian  '  tundra '  is  something  like  the  f jelds  of  Lappland,  some- 
thing like  a  Scotch  moor  or  an  Irish  bog.  It  is  a  wild  undulating 
extent  of  country,  full  of  rivers,  lakes,  and  swamps,  stony,  but  not 
rocky,  gay  with  brilliant  wild  flowers,  abounding  with  ground 
fruits,  such  as  crowberry,  cranberry,  cloudberry,  and  Arctic  straw- 
berry, and  swarming  with  clouds  of  mosquitoes.  The  hill  tops  are 
barren  and  stony,  but  the  valleys  shelter  dwarf  willows  and  stunted 
birch. 

''These  •  tundras  '  are  evidently  rising  gradually.  Ancient  drift 
wood,  rotted  into  tinder,  is  often  found  above  the  present  limit  of  the 
highest  floods,  and  at  Gol-cheek'-a  (N.  lat.  71°  3(y  on  the  Yenesei), 
I  found  large  heaps  of  recent  sea-shells  at  least  four  miles  from  the 
river-bank,  and  500  feet  above  the  level  of  the  sea." 

Mr.  Seebohm  kindly  permitted  me  to  examine  the  specimens 
which  he  gathered  from  the  position  referred  to,  and  with  the  aid 
of  Mr.  Edgar  A.  Smith,  the  following  species  were  determined. 

MoLLUSCA.    Feeien  islandieusj  Chemn. 

jiMlarte  borealU^  Chemn. 

Natien  affinity  Gmelin. 

Saxieava  arctiea,  L. 

Fusut  (NeptuneaS  Kroyeri,  MoUer. 

Ftuua  \Septunea)  despectus,  L. 
Cqlripbdu.  Balamts  porcaius  (Da  Costa). 

The  recent  elevation  of  the  Siberian  tundras  is  well  known,  and 
in  the  travels  of  M.  de  Middendorf  and  Von  Wrangel  frequent 
allusion  is  made  to  the  subject.  Mr.  Henry  H.  Howorth,  in  a  very 
interesting  paper,  published  in  the  Journal  of  the  Royal  Geographical 
Society  of  London,  1873,  has  brought  together  and  discussed  an 
immense  amount  of  information  in  regard  to  the  recent  elevations  of 
the  earth's  surface  in  the  northern  circumpolar  region,  in  which  the 
tundras  of  Siberia  come  in  for  due  share  of  notice,  and  makes  it 
imneoessary  for  me  to  do  more  than  refer  to  his  paper. 
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Tlie  special  interest  of  Mr.  Seebobm's  observation  lies  in  the 
fact  of  the  very  great  elevation,  namely,  500  feet,  at  which  he 
procured  the  specimens  I  have  recprded,  all  of  which  are  now 
existing  and  common  in  the  neighbouring  seas.      H.  W.  Feilden. 

THE  PENNINE  CHAIN. 

Sir, — Will  you  allow  me  to  say  a  word  on  the  subject  of  the 
geological  age  of  the  Pennine  Chain  ?  Some  five  or  six  years  ago  I 
became  aware  of  the  fact  that  the  Coal-measures  in  the  neighbour- 
hood of  Nottingham  have  a  fairly  persistent  north  and  south  strike 
beneath  the  Permian  rocks,  and  that  some  of  the  north  and  south 
faults  in  the  Coal- measures^ do  not  affect  the  overlying  rocks,  at  any 
rate  to  anything  like  the  same  extent.  I  immediately  saw  that 
these  facts  were  sufficient  to  prove  that  the  Carboniferous  rocks  had 
been  subjected  to  a  north  and  south  series  of  disturbances  before 
Permian  times ;  and  I  concluded  that  since  the  Pennine  axis  follows 
the  same  direction  it  probably  belongs  to  the  same  period.  I  mention 
this  not  for  the  purpose  of  claiming  priority  over  my  friend  Mr. 
"Wilson  in  this  matter,  but  merely  for  the  purpose  of  justifying  my 
interference  in  the  present  discussion. 

Now,  Sir,  I  contend  that  the  evidence  of  pre-Permian  flexuriug 
and  faulting  along  north  and  south  lines  in  this  neighbourhood  is 
quite  sufficient  to  settle  the  question  as  to  the  date  of  the  origin  of 
the  first  movements  in  this  direction. 

I  think  both  Mr.  Wilson  and  Prof.  Hull,  in  discussing  this 
question,  are  a  little  hampered  by  the  notion  of  anticlinal  axes 
forming  barriers.  Thus,  the  greater  portion  of  Prof.  Hull's  letter 
(Geol.  Mag.  Vol.  VI.  p.  673)  is  devoted  to  a  consideration  of  the 
question  of  the  similarity  of  deposits  on  opposite  sides  of  the 
Pennine  Chain,  and  this  of  course  is  strictly  relevant  to  the  dis- 
cussion as  raised  by  Mr.  Wilson  (Geol.  Mag.  Vol.  VI.  p.  500).  It 
does  not,  however,  affect  the*  question  of  the  date  of  the  north  aud 
south  movements,  which  is  really  the  important  question  at  issue. 
On  this  question,  all  the  direct  evidence  I  know  of  points  to  the 
conclusion  that  these  disturbances  originated  during  the  immense 
interval  of  time  which  elapsed  between  the  close  of  the  Carboniferous 
period  and  the  commencement  of  that  portion  of  the  Permian  period 
which  is  represented  by  deposits  forming  the  eastern  boundary  of 
the  exposed  portion  of  the  Nottingham  and  Yorkshire  Coal-basin. 

I  have  read  Prof.  Hull's  paper  on  this  question,  Q.J.G.S.  vol. 
xxiv.  p.  332,  and,  like  Mr.  Wilson,  I  fail  to  see  that  the  evidence 
there  adduced,  in  favour  of  the  Post-Permian  and  Pre-Triassic  date 
of  the  origin  of  these  north  and  south  disturbances,  is  of  much  value, 
even  when  standing  by  itself,  and  I  consider  that  it  is  completely 
destroyed  by  the  fact,  mentioned  above,  that  the  Coal-measures  strike 
north  and  south  beneath  the  Permian  rocks  for  some  distance  north 
of  Nottingham.  Prof.  Hull  seems  to  think  that  the  physical  dis- 
cordance here  referred  to  is  slight,  and  supposes  it  to  be  due  '*  to 
a  sort  of  sympatlietio  movement  which  took  place  during  the 
progress  of  the  more  powerful  east  and  west  flexuring  at  the  close 
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of  the  Carboniferous  Period."  I  think  the  epithet  "slight"  is 
scarcely  appropriate  to  a  physical  disturbance  accompanied  by 
denudation  which  determined  the  western  boundary  of  the  great 
Nottinghamshire  and  Yorkshire  Coal-hasin,  and  produced  a  north 
and  south  strike  in  the  rocks  which  formed  the  crust  of  the  earth 
daring  Permian  times  for  many  miles  north  of  the  place  where 
Nottingham  now  stands. 

I  maintain,  then,  in  the  absence  of  any  direct  evidence  to  the 
contrary,  that  we  are  bound  to  conclude  that  the  north  and  south 
series  of  disturbances,  like  the  east  and  west  series,  originated  at  the 
close  of  the  Carhoniferous  Period.  I  say  nothing  about  the  age  of 
the  Pennine  Chain  as  a  barrier  of  high  land ;  for  all  I  know  to  the 
contrary,  the  anticlinal  may  have  been  planed  away  before  the 
Permian  Period,  and  the  Permian  rocks  deposited  continuously  across 
it  The  discussion  as  to  the  correspondence  of  rocks  on  opposite 
sides  of  the  axis  will  throw  interesting  light  on  this  question. 

I  think  the  reason  many  geologists  experience  a  difficulty  in 
accepting  the  conclusion  advocated  in  this  letter  is  because  they 
are  still  hampered  hy  the  fallacy  that  the  Permian  system  is 
separated  from  the  Trias  by  an  important  physical  unconformability. 

9,  All  Saints*  Stbbet,  Nottinoham.  J.  J.  Habris  Teall. 

THE  AGE  OF  THE  PENNINE  CHAIN. 

Sib, — At  the  time  when  Prof.  Hull  ascribed  the  elevation  of  the 
Pennine  Chain  to  the  interval  between  the  Permian  and  Trias,  a  great 
hiatus  was  supposed  to  occur  between  the  deposits  of  those  epochs 
in  this  country.  Now,  however,  we  have  leai-nt  to  believe  that  the 
great  stratigrapliical  break  comes,  not  between  the  Permian  and 
the  Trias,  but  between  the  Carboniferous  and  the  Permian  forma- 
tions. Nevertheless  the  faith  in  the  older  hypothesis  seems  to  have 
created  a  bias  on  the  question  at  issue  that  still  lingers  in  the  learned 
Professor's  mind. 

Prof.  Hull  only  assails  two  of  my  arguments  for  a  pre- Permian 
Pennine  Chain  ;  it  is  these  only,  then,  that  I  have  to  substantiate. 

The  Yorkshire  Goal-field  was  evidently  completely  formed  anterior 
to  the  Permian  epoch.  The  prevailing  easterly  dip  of  the  Coal- 
measures  of  Derbyshire  and  Yorkshire  is  appreciably  greater  than 
that  of  the  Permiaus.  (The  reason  why  this  diflference  in  dip  is 
not  more  decided  in  the  vicinity  of  the  Magnesian  Limestone  escarp- 
ment is  that  we  are  thereabouts  beginning  to  reach  the  more  central 
and  therefore  flatter  lying  portions  of  the  Coal-basin.) 

The  unconformable  westerly  overlap  of  the  Coal-measures  by  the 
Permians,  consequent  on  this  greater  dip,  is,  as  illustrated  in  my 
paper,*  decided  enough.  Prof.  Hull  is  well  aware  of  this ;  for  in  a 
paper  "  On  a  Deep  Boring  lor  Coal  at  South  Scarle,  Lincolnshire," 
We  find  him  expressing  the  opinion  "that  the  Coal-measures  of  the 
Yorkshire  and  Derbyshire  Coal-field,  after  extending  for  some  distance 
with  an  easterly  dip  beneath  the  Magnesian  Limestone,  rise  to  the 
eastward,  and  ultimately  terminate  against  the  base  of  this  formation,**^ 

*  Gbol.  Mao.  November,  1879. 

^  Proc.  Inst.  CiTil  Engineers,  yol.  xlix.  part  ill. 
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Profs.  Bamsay  and  Green  take  a  similar  view.'  As  Prof.  Hull  knows, 
rocks  in  all  probability  belonging  to  the  Upper  Coal-measures  were 
reached  at  South  Scarle  direcUy  beneath  the  Permians ;  whereas  25 
miles  further  west  in  the  Ere  wash  Valley  district  the  Magnesian 
Limestone  and  underlying  Marl  Slates  repose  on  measures  low 
down  in  the  Middle  Coal  series. 

Here,  then,  there  is  clear  proof  of  an  overlap  of  from  1,500  to 
2,000  feet  at  the  least  There  must  have  been  great  meridional 
(£is  well  as  East  and  West)  foldings  of  the  rocks,  followed  by 
extensive  and  long-continued  denudation,  between  the  close  of 
the  Carboniferous  and  the  commencement  of  the  Permian  epoch. 
As  some  results  of  these  foldings  (and  this  denudation),  were 
synchronously  developed  the  Yorkshire  Coal-basin  synclinal  and 
the  inseparably  connected  Pennine  range  anticlinaL 

There  is  no  similarity  between  the  Permians  on  the  apposite  sides 
of  the  Pennine  Chain,  As  the  late  Sir  B.  Murchison  once  remarked, 
*'The  most  striking  phenomenon  in  regard  to  the  natural  group 
(Permian)  in  Great  Britain  is  its  very  dissimilar  lithologieal  character 
of  the  opposite  sides  of  the  central  ejLis  of  the  country "  ^ 

I  did  not  overlook  the  paper  Prof.  Hull  refers  to.'  In  the  discus- 
sion that  ensued,  several  eminent  geologists  disputed  the  view  of 
there  being  any  decided  diflference  between  the  "  Lower  Permians  of 
the  Salopian"  and  of  **  the  Lancastrian  types."  Be  that  as  it  may,  it 
is  quite  another  thing  from  the  Permians  of  the  North-east  and 
North-west  types  agreeing.  I  failed  then  and  I  fail  now  to  see  any 
sufficiently  close  resemblance  between  these  latter  deposits  to  lead 
one  to  infer  that  they  were  continuously  deposited.  I  am  not  per- 
sonally acquainted  with,  and  therefore  did  not  express  any  opinion  as 
to  the  age  of  the  1500  feet  of  unfossiliferous  red  sandstone  in  the 
neighbourhood  of  Stockport.  Prof.  Bamsay  refers  to  the  "  lower  red 
sandstones"  of  Lancashire  as  beds  **  generally  believed  to  represent 
the  Kothliegende,"  and  as  "so-called  Bothliegende." *  Such  phrases 
seemed  to  me  to  indicate  a  certain  amount  of  doubt  as  to  their  identi- 
fication. In  the  absence  of  fossils,  mineral  character  will  not  suffice 
to  identify  these  deposits  as  Lower  Permian.  Neither  will  their  un- 
conformability  to  Coal-measures.  In  Yorkshire  the  Botherham  Bed 
Bock  rests  with  a  marked  unconformity  on  Coal-measures,  but  is 
now  rightly  classed  by  the  Government  surveyors  as  belonging 
thereto.  So  many  red  rocks  in  the  North  of  England,  and  elsewhere, 
once  termed  "Bothliegende,"  have  been  since  shown  to  belong  to 
some  member  or  other  of  the  Carboniferous  formation — whilst  others 
are  as  certainly  Triassic — that  geologists  are  advisedly  cautious  in 
dealing  with  any  so-called  rock.  Let  us  assume,  however,  that  in 
Lancashire  a  deposit  of  red  sandstone  attaining  four  or  five,  if  not 
fifteen  hundred  feet  in  thickness,  is  Permian  of  some  kind.  Then  my 
argument  will  not  be  weakened,  but  considerably  strengthened ;  for 
we  have  certainly  nothing  corresponding  to  such  a  series  on  this  the 

*  Report  of  the  Royal  Commission  on  Coal,  vol.  i.  pp.  136-8,  Yol.  ii.  p.  504 ; 
Physical  Geology  of  Great  Britain,  3rd  ed.  p.  302. 
»  Siluria,  6th  ed.  1872,  p.  336. 
9  Q,J.G.S.  vol.  XXV.  p.  171.  *  Q.J.G.S.  vol.  xxviL  p.  246. 
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East  Bide  of  England.    I  need  scarcely  remind  yonr  readers  that  geolo- 
gists, not  omitting  the  Survey  authorities,  have  longsince  abandoned  the 
belief  in  the  Permian  age  of  Sedgwick  and  Murohison's  ''Lower  Bed 
Sandstone*'  of  Yorkshire  and  Durham.  **  All  along  that  range"  (Not- 
tingham to  Tynemouth),  says  Prof.  Ramsay,  "  the  red  rocks  on  which 
the  (Magnesian)  Limestone  rests  are  now  proved  to  be  Carboniferous 
sandstones  and  shales.     ....     The  supposed  Rothliegende  has 
indeed  almost  (?  altogether)  disappeared  from  the  entire  area."  *     The 
few  feet  of  tme  dolomitic  Magnesian  Limestone  at  Skillaw  Clough 
and  a  few  other  points  in  the  West  of  England  cannot  for  one  moment 
be  compared  with  the  vastly  thicker  and  more  extensive  deposits  of 
Magnesian  Limestone  on  the  other  side  of  the  Pennine  Chain.    I 
mast  also  beg  to  differ  from  Prof.  Hull,  when  he  refers  to  the  Biarl 
Slates  of  the  North-east  of  England  as  a  local  and  thin  formation. 
We  find  Marl  Slates  accompanying  the  Magnesian  Limestone  through 
Notts  and  through  Durham.     I  have  lately  recognized  them  in  York- 
shire.    In  Notts  they  attain  in  places  a  thickness  of  over  100  feet, 
and  under  Lincolnshire  of  about  200.'    They  maintain  throughout 
this  wide  area  it  remarkably  characteristic  faoies.     Thus  Prof.  HuU's 
objections  to  my  argument  for  the  pre- Permian  age  of  the  Pennine 
Chain — based  on  the  dissimilarity  of  the  Permian  deposits  on  the  two 
sides  of  that  range — are  singularly  unfortunate. 

This  argument  is  not,  however,  as  Prof.  Hull  seems  to  imagine,  a 
crucial  point  in  my  hypothesis.  Even  if  the  Permian  deposits  of  the 
West  were  closely  allied  to  instead  of  being  so  very  unlike  those  on 
the  East  of  the  Pennine  Chain,  this  would  not  demonstrate  the  post- 
Permian  age  of  that  range.  Similarity  in  texture,  of  fossils,  and  even 
of  <'set"  or  succession,  between  the  rocks  of  a  period  in  two  adjacent 
areas,  though  no  doubt  indicating  a  general  similarity  in  physical 
conditions  and  in  sequence  of  events,  would  not  suffice  to  pix>ve 
original  continuity  of  submergence  between  those  areas.  (Deposits 
now  accumulating  on  the  opposite  sides  of  an  island  or  peninsula  or 
in  two  adjacent  lakes  may  be  undistinguishable,  and  their  faunas 
may  agree,  and  yet  such  areas  are  either  wholly  dissevered  or  only 
connected  in  a  roundabout  way,)  All  idea  of  direct  continuity  of 
submergence  must  even  in  that  case  fall  to  the  ground  when  there  is, 
as  in  the  present  instance,  sufficient  independent  evidence  of  the 
existence  of  an  intervening  land  barrier.  E.  Wilson. 


BLOWING    WELLS. 

Sib, — A  curious  phenomenon  has  recently  been  brought  under  my 
notice  observable  at  some  of  the  wells  in  the  uppermost  part  of  the 
Banter  sandstone  of  this  district  These  wells  "  blow "  thi-ough 
fissures  in  the  sandstone,  just  above  water-level.  This  is  when 
barometric  pressure  is  low^  suction  setting  in  as  the  mercury  rises. 

The  most  remarkable  of  these  wells  is  one  at  Solberge  near  here. 
The  blast  at  this  well  is  conveyed  above  the  ground  by  means  of  an 

»  Q.J.G.S.  vol.  xxviL  p.  246 ;   Geol.  Mao.  1872,  VoL  IX.  p.  339  ;  The  York- 
ihire  Goaiadd,  p.  482  ;    Gbol.  Mao.  1866,  p.  49  ;    Q. J.G.S.  vol.  zxy.  p.  291. 
»  QJ.G.S.  voL  xxxiY.  p.  812. 
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iron  tube  inserted  in  the  oovers  of  the  well  and  running  up  alonji:- 
side  of  the  pump.  With  an  outward  blast,  this  *'  buzzer,*'  it  is  said, 
can  be  heard  a  mile  off. 

Mr.  Fairley,  the  county  analyst,  pronounces  the  water  "  a  hard 
water  of  good  quality  for  drinking,  but  not  for  any  purposes  where 
softness  is  mainly  due."  On  raising  the  covers  of  the  well,  the 
water  is  seen  in  a  state  of  ebullition,  which  soon  ceases. 

The  existence  of  a  cavern  in  the  strata  has  been  suggested  as  the 
cause  of  the  blowing  wells  in  this  district  The  very  considerable 
thickness  of  sandstone  that  probably  intervenes  between  the  bottom 
of  the  well,  and  the  underlying  Magnesian  Limestone — the  unlike- 
lihood of  any  cavern  existing  in  the  sandstone  itself — and  the  almost 
certain  tendency  the  glacial  sands  would  have  to  fall  through  any 
opening  of  the  kind,  causing  a  depression  on  the  surface  of  the  soil, 
of  which  there  is  no  evidence,  for  the  wells  are  situated  on  dome- 
shaped  ridges  of  drift-covered  sandstone,  incline  me  to  look  for 
another  reason  for  the  phenomenon.  I  am  more  disposed  to  thiuk 
that,  taking  into  account  the  fissures  in  the  sandstone,  its  origin  may 
be  traced  to  causes  similar  to  those  which  produce  explosions  in  coal- 
mines. These,  I  understand,  generally  take  place  at  or  about  the 
time  the  barometer  has  reached  its  lowest  point. 

Mr.  Hutton,  of  Solberge,  takes  much  interest  in  the  peculiar  action 
on  the  part  of  his  well,  and  registers  the  changes  in  velocity  and 
temperature  of  the  blast  by  means  of  the  anemometer  and  ther- 
mometer. The  barometrical  observations,  as  already  noticed,  show 
that  the  direction  of  the  current  is  dependent  upon  the  weight  of  the 
atmosphere. 

Mr.  Fox-Strangways,  P.G.8.,  tells  me  that  he  believes  the  great 
currents  of  air  which  issue  from  large  caverns  are  more  generally 
influenced  by  temperature  than  by  barometrical  changes,  and  that 
he  has  been  struck  with  the  enormous  current  of  air  which  issues 
from  the  Mammoth  Cave  in  Kentucky,  but  which  is  an  incurrent 
during  the  night. 

The  existence  of  such  wells,  as  are  above  described,  is  unknown 
to  me  elsewhere  than  in  this  neighbourhood.^  Any  information  as  to 
their  occurrence  in  other  parts  of  the  country,  might  help  to  throw 
light  upon  a  subject  which  is  at  present  a  puzzle  to  many  in  this 
district,  and  is,  I  cannot  but  think,  well  worthy  of  further  investi- 
gation. There  are  borings  or  wells  called  "  blow  wells "  on  the 
Lincolnshire  wolds,  and  on  the  coast  of  Essex,  but  I  am  unac- 
quainted with  their  history.  A.  G.  Cameron, 

NoRTHALLB&TON,  Dec.y  1879.  H.M.  Geol  Surrey. 

1  See  Blowing  Well  near  Preston  described  by  J.  Rofe,  F.6.S.,  Geol.  Mao.  1867, 
Vol.  IV.  p.  106. 

Ebbata  in  Mr.  W.  Davies's  paper,  January,  1880. 

Page  19,  line  26  from  top,  for  "  rapprochait,"  read  "rapprocbe." 
„    26,    „    13  from  bottom,  for  -la,"  read  " le." 
„    26,    „    23  from  top,  for  ^^Feiieanui"  read  **  TeU&anut,"'  and  in  all 
subsequent  instances  to  p.  27. 
E&ratum— January,   1880.     In  Mr.   Einaban's   article,  p.   29,  line    28,  for 
KiUamey  read  KiUary, 
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L— DuoBiPTioir    or    a   Nxw  Givra  or  Trilobitks,  Otrraopraa 
LiTBaaiDOBi.  rKOu  the  SauEiAn  or  New  South  Wales. 


AKEW  and  interesting  apeoiee  of  Trilobite  having  lately  been 
obtained  by  Profeasor  A,  Liyersidge,  F.C.S.,  F.Q.S.,  of  the 
Univeroity  of  Sydney,  in  the  Silurian  rocks  of  Bombala,  New  South 
Wales,  and  forwarded  to  my  colleague,  Mr.  K,  Etheridge,  jun.,  F.G.3., 
with  a  aeries  of  other  PalEeozoio  fossila,  from  Australia,  it  has  been 
obligingly  placed  in  my  hands  for  description. 

I  was  at  fint  doubtful  whether  to  treat  this  fossil  as  a  new  species 
of  Beiphon  or  as  a  distinct  genus,  near  to  Beiphon  and  SlatxToeephalui ; 
but  on  a  further  comparison  of  these  forms  with  Professor  Liver- 
lidge'a  specimen  however,  there  appear  to  be  such  important  points 
of  difierenoe  in  the  body-segments  and  pygidium  as  to  entitle  it  to  be 


Siluriaa,  Bombala,  New 

'  Tbe  ori^oa]  apecimen  U  preserred  in  a  bUct  anil  hard  eplintoj  limestone,  and 
Im  been  much  broVen,  a  part  being  Been  in  intaglio  and  a  pBrt  in  relievo.  Tbe 
foition  occnpied  bf  tbe  bypostome  in  tbe  fossil  at  the  back  of  tbe  glabella  a 
iDdicated  in  the  woodcut. 
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considered  a  distinct  genus,  having  characters  which,  to  some  extent, 
approach  both  to  Deiphon  and  Staurocephalus, 

Onycopygef^  gen.  nov. 

Glabella  broadly  dilated  in  front,  attenuated  behind,  the  genal 
portion  reduced  to  a  stout  recurved  spine,  bearing  two  or  more 
short  branch  spines  or  tubercles ;  axis  of  body-s^ments  narrow, 
arched;  pleurse  straight,  well-articulated,  recurved  at  extremities; 
pygidium  channelled,  margin  indented,  armed  on  each  side  with 
long-recurved  spines,  extremity  shortly  bimucronate. 

I  have  very  great  pleasure  in  dedicating  this  new  Trilobite  to  its 
discoverer  under  the  name  of — 

Onycopyge  lAverstdgei,  sp.  nov. 

Animal  1^  inch  in  length,  by  11  inch  wide ;  surface  of  test  finely 
granulated;  glabella  spheroidal,  broader  than  long,  slightly  com- 
presRed  in  front;  eyes  nearly  concealed  beneath  the  overhanging 
margin  of  the  glabella ;  cervical  lobe  narrow ;  genal  portion  reduced 
to  a  long  rounded  strongly-recurved  fixed  spine,  giving  off  two  short, 
nearly  vertical  spines  or  branches  (apparently  directed  forwards  and 
upwards) '  at  a  distance  of  one-fourth  and  half  its  length  from  the 
glabella;  there  is  an  indication  of  a  third  spine  on  each  side 
directed  backwards  and  inwards ;  (the  facial  suture  cannot  be  accu- 
rately determined,  but  it  no  doubt  ended  on  the  exterior  margin, 
as  in  Deiphon  Forhesii,  Barr.).  Thorax  broader  than  long  (fourteen 
millimetres  long,  by  twenty-eight  mm.  broad),  consisting  apparently 
of  nine  joints ;  axis  narrow,  convex ;  pleuras  united  parallel,  diver- 
ging at  right  angles  from  the  axis ;  each  pleura  being  articulated  at 
its  fulcral  point,  which  is  marked  by  a  small  rounded  tubercle, 
and  having  its  termination  produced  as  a  free  recurved  spine,  the 
length  of  which  increases  from  the  first  or  anterior  pleura  to  the 
ninth  or  last 

The  pygidium  has  its  axis  extending  to  its  posterior  extremity  (but 
the  surface  is  broken  away) ;  the  expanded  border  of  the  pygidium  is 
somewhat  deeply  excavated  into  five  rounded  emarginations,  princi- 
pally formed  by  the  two  anterior  coalesced  segments  of  the  pygidium, 
which,  springing  from  the  axis  on  either  side,  terminate  in  long  and 
strongly-recurved  marginal  spines;  they  are  separated  from  each 
other  by  deep  intersecting  furrows ;  behind  these  we  detect  indica- 
tions of  five  coalesced  somites ;  the  pygidium  terminates  posteriorly 
in  two  short  cusps  separated  by  a  rounded  central  emargination. 

The  head  in  Onycopyge  agrees  most  nearly  with  that  of  Deiphon, 
the  cheeks  being  reduced  in  both  to  long  recurved  rounded  spines ; 
but  the  glabella  is  less  globular,  and  the  eyes  less  prominent  in  the 
former  than  in  Deiphon,  The  hypostome  in  Onycopyge,  although 
only  imperfectly  preserved,  agrees  more  nearly  with  Deiphon  than  it 
does  with  Staurocephalus,  It  is  exposed  by  the  abrasion  of  the 
postero-dorsal  surface  of  the  glabella  (see  Woodcut). 

*  Uwf,  onfxos,  a  claw ;  and  mryfi,  tail. 

'  The  extremitiefl  of  these  branches  or  spines  are  broken  off,  so  that  their  length  is 
sol  known. 


Trof.  John  Milne— On  the  Cooling  qf  the  Earth.  99 

The  most  important  points  of  difference  between  Onycopyge  and 
Deiphon  are  observable  in  the  thorax  or  middle-body,  the  pleura  in 
the  former  genus  being  firmly  articulated  to  one  another  at  the 
fulcral  points,  whereas  in  the  latter  they  are  ungrooved  and  free. 
The  pygidiam  in  Deiphon  is  short,  with  a  minute  axis  of  four  joints, 
and  is  quite  truncated  below ;  the  pygidium  in  Onycopyge  is  well 
developed,  and  has  indications  of  seven  ooalesoed  somites.  Onycopyge 
apparently  possessed  nine  free  thoracic  somites ;  Deiphon  has  ten 
Bomites. 

With  StauroceplmluB  it  agrees  in  the  more  compact  and  firmly 
articulated  character  of  the  thoracic  somites  ;  in  Onycopyge,  however, 
the  extremities  of  the  somites  lengthen  perceptibly  from  the  head  to 
the  pygidium ;  whereas  in  Staurocephcdua  the  anterior  pleursB  are  the 
longest 

In  Slauroeephalw  the  genal  portion  of  the  head  is  not  reduced  to 
a  mere  spine  (a«  is  the  case  in  Deiphon  and  Onycopyge),  but  has  weli- 
developed  fixed  cheeks.  The  pygidium  in  Staurocephcdus  is  compose<l 
of  four  minute  coalesced  somites ;  and  when  provided  with  prominent 
ipines  it  has,  like  the  genus  Deiphon,  one  spine  only  on  each  side. 

It  is  to  be  hoped  that  this  interesting  Trilobite  is  only  the  precursor 
to  many  others  which  Professor  Liversidge  may  have  the  good 
fortune  to  obtain,  and  I  may  have  the  pleasure  to  describe,  from 
the  Australian  Continent. 


II. — Note  Upon  the  Cooling  of  the  Earth. 

By  Prof.  J.  MiLNB,  F.G.S., 
Imperial  College  of  Engineering,  Tokei,  Yedo. 

NEARLY  every  text-book  on  geology  speaks  of  the  heat  which  has 
been  lost  by  the  earth,  and  the  consequent  contractions  which 
^have  taken  place  upon  its  surface.  The  way  in  which  all  this  has 
come  about,  however,  is  either  not  explained  at  all  or  else  very 
imperfectly,  and  the  difficulty  experienced  by  any  one  endeavouring 
to  find  out  what  the  conditions  have  been  will  be  fully  recognized  by 
reference  to  the  lengthy  correspondence  which  was  carried  on  in  the 
columns  of  Nature  (December,  1878,  and  January,  1879)  between  Mr. 
A.  R.  Wallace,  Mr.  0.  Fisher,  and  others,  upon  this  subject  A  fair 
idea  of  the  succession  of  conditions  which  occur  in  a  cooling  sphere 
like  our  earth  may  be  obtained  by  combining  together  the  results 
given  by  Sir  William  Thomson  in  his  writings  on  the  secular  cooling 
of  the  earth  (see  Thomson  and  Tait's  Natural  Philosophy,  vol.  i.  pp. 
711-727),  with  the  results  given  by  Professors  Perry  and  Ayrton  in 
a  paper  entitled,  **  Experiments  on  the  Heat  Conductivity  of  Stone" 
(Phil.  Mag.  April,  1878).  In  this  latter  paper  we  have  given,  and 
1  believe  for  the  first  time,  a  series  of  curves  which  show  the  rate  of 
cooling  of  a  ball  at  its  various  parts.  Two  of  these  curves  are  repro- 
duced in  the  accompanying  figure,  Fig.  1.  PA  represents  the  cooling 
at  the  centre,  and  FF  the  cooling  at  the  circumference,  the  direction 
OP  measuring  temperature,  and  the  direction  OX  measuring  time. 
Curves  for  intermediate  points  between  the  centre  and  Wiq  dicATOi- 


100        Prof.  John  Milne—  On  th«  Cooling  of  the  Sarth. 

ference  may  be  seen  in  fig.  6  of  the  paper  from  whioh  tbese  two 
have  been  reduoed. 

From  this  we  see  that  when  a  ball  is  mods  hot,  and  we  may 
imagine  this  ball  to  be  the  earth,  when  it  cools  it  does  bo  at  very 
different  rates  in  its  diflerent  parts. 


Fro.  1. 


Thus  the  external  part,  if  the  ball  is  at  a  high  temperatore,  will 
cool  exceedingly  rapidly  at  first,  and  this  rapidity  will  grow  less 
and  less.  The  cooling  of  the  centre,  however,  will  be  different.  For 
some  period  it  will  cool  slowly,  after  which  it  will  oool  with  a 
rapidity  which  continnally  approaches  the  rate  at  which  tlie  ciroam- 
ference  cools,  until  eventually  it  cools  even  faster  than  the  cironm- 
fereiice.  Intermediate  places  at  the  beginning  oool  more  slowly,  as 
they  are  nearer  the  centre.  For  each  of  these,  however,  there  is  a 
certain  interval,  after  which  they  cool  faster  than  places  in  the  circum- 
ference. From  what  we  know  of  the  earth,  its  interior  is  probably 
yet  very  much  hotter  than  points  near  the  surface;  points  near  the 
surface  are  therefore  probably  still  cooling  at  a  rate  much  quicker 
than  points  near  the  centre,  and  the  oooltng  which  has  so  far  taken 
place  ill  the  earth  may  be  represented  by  the  parts  of  these  two 
curves,  which  are  included  hetweert  OP  and  some  line  like  op. 

Messrs.  Perry  and  Ayrton,  in  this  series  of  curves,  have  given  the 
true  conditions  for  a  cooling  globe,  whose  snrface  bad  a  given 
emissivity ;  but  Sir  William  Thomson,  whose  calculations  satisfy  very 
well  tho  known  conditions  of  the  earth,  used  a  much  greater 
emissivity. 

In  fact,  Sir  William  Thomson  assumed  so  great  an  emissivity  for 
the  surface  of  the  earth,  that  after  10,000  years  from  the  commence- 
ment of  superficial  solidification  of  the  earth  there  was  no  farther 
change  of  temperature  at  the  surface,  and  this  is  practically  equi- 
valent to  on  instantaneous  oooling  of  the  earth's  suritwe  to  its  present 
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tfmperahire,    und   maintaining  that    temperatnre^ijoiMtant.     Thii 
iMumptioa  ia  supported  hy  tbe  well-known  instance  pf  the  rapid 
cooling  of  a  mass  of  lava,  and  by  the  fact  that  the  resuU  obttuned    i 
ntiafies  observations  of  the  present  temperature  of  the  earth/ 

Asaaming,  then,  that  Sir  William  Tbomson'a  result  is  oa^reot,  it 
vould  Mem  that  we  ahonld  be  hardly  justified  in  empldyfng  hja 
Temit  for  verjr  ereat  deptha  in  tbe  earth,  beoanae  in  his  calonlatibna 
he  did  not  ooBsider  the  oooling  of  a  globular  moss,  bat  of  an  infin^,- 
1  of  rook  with  a  plane  sarfaoeL     In  Fig.  2,  the  curve  OX  iit..' 


Fio.  2. 


reduced  from  Thomson  and  Tait'a  Natural  Philosophy,  vol,  i.  p.  719. 
It  represents  the  distribution  of  temperature  in  Ilie  earth  one  hun- 
dred million  years  aft«r  the  commencement  of  cooling,  the  initial 
temperature  being  7000°  Fahr-i  and  it  also,  ao  far  as  we  know,  repre- 
sents the  distribution  of  temperature  in  the  earth  as  detennined  by 
experiment.  The  direction  OY  measures  temperature,  and  the 
direction  OX  distance,  from  the  surface  at  0  towards  the  centre  at 
X  The  curves  OK  and  OL  are  sketched  to  show  approximately 
what  the  distribution  of  temperature  was  previous  to  this  jwriod,  and 
the  curve  OS  to  show  what  it  will  be  subsequently,  say  for  example 
10,000  years  hence. 

Up  to  a  depth  of  about  100,000  feet,  according  to  Tliomson.  or 
according  to  the  r^urve  be  has  given  approximately  to  a  depth  of 
nearly  80  miles,  the  temperature  increases  directly  with  the  depth 
(1°  F.  for  51  feet  descent).  After,  sny  10,000  years,  tlie  temperature 
will,  according  to  the  curve  ON,  increase  directly  with  the  depth 
for  a  depth  greater  than  80  miles. 

US  represents  the  loss  of  temperature  in  10,000  years  at  a  depth 
of  100,000  feet,  m'  n'  at  400,000  feet,  n."  n"  at  600,000  feet,  etc. 
By  comparing  together  the  losses  of  heat  which  have  occurred  at 
different  pointe,  it  will  be  seen  that  there  will  be  a  spherical  belt 


102        Prof.  John.  ililne—On  the  Cooling  of  the  Earth. 

m 

where  the  losfi/dtirfng  any  given  period  is  greateet  and  this  is  travel- 
ling towardd  tiin  centre. 

At  the^  prevent  time,  up  to  a  depth  of  about  200,000  feet,  we  see 

that  ther^l^s^'  of  temperature  is  nearly  proportional  to  the  deptL 

At  the'cQibfnencement  the  temperature  was  supposed  to  be  that  of 

melted  rock,  or  as  an  extreme  limit  about  7000^  Fahr.     In  a  short 

period  the  surface  solidified ;  in  fact,  points  near  the  surface  obtained 

.  >?fry*' quickly  a  temperature  nearly  the  same  as  it  is  at  present 

•*  3?arts  near  the  centre,  however,  hardly  cooled  at  all,  and  even  now 

;  /.'the  temperature  at  the  centre  is  probably  the  same  as  it  was  one 

\  "hundred  million  years  ago. 

From  all  this  it  would  appear,  as  is  pointed  out  by  Sir  William 
Thomson,  that  because  in  early  times  the  increase  in  temperature  as 
you  descended  into  the  earth  was  more  rapid  than  it  is  at  present, 
all  changes  due  to  plutonic  action  must  have  been  more  active  in 
early  times  than  they  are  now. 

Also  we  see  that  it  is  very  probable  that  the  main  features  of  the 
earth's  surface,  like  the  continents  and  ocean-basins,  are  of  great 
antiquity,  having  in  fact  been  formed  at  or  about  the  time  of  first 
consolidation. 

Heat  received  from  the  stwi. — From  experiments  with  the  Pyrhelio- 
meter  it  has  been  calculated  that  every  year  the  earth  receives  from 
the  sun  a  quantity  of  heat  sufficient  to  melt  a  layer  of  ice  coveriug 
the  whole  surface  of  the  globe  100  feet  in  thickness.  This  is 
equivalent  to  92  feet  of  water  raised  79®  C.  or  72*7  feet  raised  from 
0^  to  100°  C.  (Tyndall,  in  his  "  Heat  a  Mode  of  Motion,"  gives  this 
as  66  miles.) 

Heat  lost  by  the  earth, — The  heat  which  is  lost  per  year  by  the 

1 1  earth  may  be  determined  from  the  present  gradient,  which  is  about 

1 11°  for  50  feet  of  descent,  and  the  conductivity  of  rock,  which  we  will 

I  'assume  as  being  *0059.     If  we  calculate  this,  we  shall  find  that  it  is 

sufficient  to  raise  a  layer  of  water  covering  the  whole  surface  of  the 

earth  '677  centimeters  in  thickness  from.O°  to  100°  C.^ 

This  is  the  absolute  loss.     The  energy  received  from  the  sun  is 

partly  spent  in  the  growth  of  trees,   the  elevation  of  water,  eta, 

and  part  is  radiated  off  into  space  as  soon  as  it  is  received,  but 

whatever  becomes  of  it,  we  can   definitively  say  that  the  above 

,  quantity  of  heat  is  being  actually  lost  by  the  earth. 

^  Let  the  heat  gradient  of  the  earth  he  1**  F.  for  60  feet  of  descent,  or  in  Centi- 
grade  scale  and  centimeters  I"*  C.  for  50  y  30*5  centimeters  in  descent.  Let  the  area  of 
the  earth  in  square  centimeters  =  S.  Let  the  conductivity  of  the  rocks  ss  if  =  *0059. 
Then  the  amount  of  heat  lost  hy  the  earth  per  year 

«  ^  X    0059  X  (I  -r-  50  X  30-5)  x  365  x  24  x  60  x  60. 
An  ocean  over  the  earth  d  centimeters  deep  would  he  heated  from  0"  C.  to  100*  C.  if 

^  X  ^  X  100  =  ^  X  -0069  x  (i  -f  60  X  30-6)  x  365  x  24  x  60  x  60. 
Whence  d  =  -677. 

That  is  to  say,  an  ocean  covering  the  whole  surface  of  the  earth  *677  centimeter! 
deep,  might  he  raised  from  O"*  to  100**  G.  hy  the  heat  which  flows  from  tiie  earth  every 
year.    This  heat  is  heat  of  a  low  temperature. 
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BOSS-SHIBK. 
By  Hbnsy  Hicks,  M.D.,  F.G.S. 

With    Pstbolooioal    Notes. 

By  T.  Dayiss,  F.O.S.,  of  the  BritiBh  Museum. 

(PLATE  IV.) 

A  PORTION  of  the  district  referred  to  in  this  paper  was  described 
by  me  in  a  oommunioatioa  to  the  Geological  Society,  on  May 
22nd,  1878,  and  this  was  afterwards  published  in  the  Quart  Joum. 
GeoL  Soc  voL  xzxiv.  In  that  paper,  however,  many  of  the  facts 
which  had  led  me  to  the  conclusions  stated  therein  had  to  be 
omitted,  and  the  important  evidence  derived  from  the  microscopical 
examination  of  the  rocks  was  hardly  touched  upon.  It  was  then 
intended  that  this  evidence  should  be  given  in  an  appendix  to 
the  paper,  but,  unfortunately,  circumstances  at  the  time  prevented  it. 

As,  since  then,  doubts  have  been  expressed  as  to  some  of  the 
interpretations  given,  it  is  not  altogether,  perhaps,  to  be  regretted 
that  this  delay  has  occurred ;  especially  as  it  has  enabled  a  larger 
series  of  petrological  observations  and  oomparisons  to  be  made. 

In  entering  at  first  upon  this  inquiry,  my  main  object  was  to 
endeavour  to  realize,  by  geological  and  petrological  observations, 
the  relationship  to  be  made  out  between  the  gneiss  rocks  of  the 
North  Western  Highlands,  and  the  Pre-G^unbrian  rocks  of  Wales» 
upon  which  1  have  been  working  for  so  many  years.  Other 
questions,  however,  arose  in  the  course  of  the  inquiry,  and  some 
conclusions  were  arrived  at,  which  have  necessitated  a  more  detailed 
arrangement. 

In  the  petrological  descriptions  (as  on  many  previous  occasions)  I 
am  greatly  indebted  to  the  experienced  aid  so  readily  given  by  Mr. 
T.  Davies,  F.O.S.,  of  the  British  Museum.  His  long  acquaintance 
with  the  minerals  and  microscopical  characters  of  the  older  or  Pre- 
Cambrian  rocks,  from  various  countries,  and  well-known  labours  in 
petrology  generally,  render  his  notes  specially  valuable  in  this 
inquiry. 

Oaerloch,  Poolewe,  and  Loch  Torridon. 

In  the  area  to  be  described  (see  map)  the  most  westerly  exposui-es 
of  the  Pre-Cambrian  rocks  are  to  be  found  at  and  about  Gaerloch. 
To  the  N.  and  E.  of  this  place,  over  a  considerable  district,  they  are 
uncovered  by  newer  formations,  but  westward  along  both  sides  of 
the  loch,  Cambrian  sandstones  and  conglomerates  lie  at  low  angles 
on  the  up-turned  edges  of  these  older  rocks.  In  so  exteusive  an 
area,  as  would  naturally  be  expected,  considerable  differences  occur 
in  the  composition  of  the  rocks  at  various  points,  and  those  varieties 
which  appear  most  characteristic  of  the  group  in  one  place,  may  be 
entirely  absent  at  another.  -  Hitherto  no  detailed  observations  seem 
to  have  been  made  on  these  rocks  in  this  area,  but  a  few  special 
varieties  have  been  noted  by  Macculloch,  Nicol,  and  Murcbison  in 
their  papers.  They  have  been  generally  designated  *'  fundamental 
gneisBy"  and  associated  with  the  western  gneiss  of  Sutherland,  and 
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of  the  Hebrides.  In  a  general  way  this  may  be  oorreot ;  but  aa  it  is 
now  granted  by  many  that  these  rooks  are  metamorphosed  sediments, 
a  detailed  description  of  all  the  varieties  noted  in  each  separate 
area  seems  to  be  the  only  true  method  by  which  a  oorrelation  can 
l)e  attempted.  Evidence  of  age  also  in  proportion  to  their  crystalline 
condition,  and  the  mineral  change  which  has  taken  place,  is  frequently 
a  still  better  guide  to  correlation,  and  should  be  carefully  noted  in 
all  cases. 

The  physical  evidence  of  having  been  subjected  to  oontemporaneons 
movements,  as  indicated  by  a  prevailing  strike  in  the  beds,  as  insisted 
upon  by  Murchison,  is  undoubtedly  also  of  immense  importance,  and 
sliould  never  be  lost  sight  of  in  these  inquiries. 

In  the  paper  already  referred  to  I  mentioned  that  some  of  the  so- 
called  eastern  gneiss  rocks  of  Central  Ross-shire  about  Ben  Fyn, 
etc.,  were  almost  identical  in  character  with  some  of  the  western 
gneiss  which  I  had  examined  about  Gaerloch.  It  is  well  known 
that  Murchison,  Geikie,  and  others  maintained  that  there  is  a  great 
dissimilarity  between  the  two  groups  everywhere.  Physically  and 
minoralogically  they  are  utterly  unlike  according  to  these  authors. 
Nicol,  and  before  him,  Cunningham  and  MaocuUoch,  considered 
them  on  the  whole  to  be  more  or  less  identical,  or  at  least  sufficiently 
80  to  be  associated  together  in  one  great  group.  Though  differing 
from  the  last-named  authors  on  some  points  which  will  be  specially 
referred  to  again,  I  yet  agree  with  them  that  the  eastern  and  western 
series  (excluding  some  beds  which  I  consider  to  belong  to  the  un- 
altered Cambrian  and  Silurian  sediments)  are  sufficiently  identical 
in  their  mineral  characters,  in  their  crystalline  conditions,  and  in 
their  physical  aspect  generally,  to  belong  to  the  same  great  group  of 
metamorphosed  sediments  of  Pre-Cambrian  age ;  necessarily  unlike 
in  some  respects,  at  various  horizons,  but  showing  everywhere 
characters  special  enough  to  prove  that  they  have  been  equally  sub- 
jected to  the  same  influences  throughout,  whether  chemioil  or 
physical. 

To  prove  this  it  will  be  necessary  to  examine  oareAilly  into  the 
completeness  or  otherwise  of  the  changes  which  have  taken  place  in 
all  the  types  of  rocks  found  in  each  area,  and  whether  there  has 
been  throughout  an  equal  change  of  eonstitiUion  in  those  which 
appear  to  be  sufficiently  identical  for  this  comparison  to  be  made.  If 
we  find  that  these  rocks  are  equally  metamorphosed,  and  that  there 
is  an  equal  amount  of  various  crystalline  minerals  disseminated 
throughout  which  could  not  have  been  present,  in  that  state,  in  the 
original  sediments,  then  we  may  fairly  claim  that  the  rooks  have 
undergone  an  equal  change  of  constitution  :  and  therefore  that  they 
must  have  been  subjected  to  the  same  long-continued  influences, 
and  are  geologically  speaking  of  the  same  age. 

The  strongest  advocates  of  the  views  held  by  Murchison,  that  the 
eastern  types  of  gneisses,  hornblende  rocks,  mica  schists  with  garnets, 
etc.  (true  crystalline  schists  found  in  many  parts  of  Central  Suther* 
land  and  Ross  and  other  parts  of  the  Highlands),  are  younger  than 
the  Cambrian,  and  of  some  of  the  Silujian  rocks,  have  in  no  case>  as 
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far  as  I  oan  make  out  from  their  published  statements,  been  able  to 
show  oonclusively  any  continuous  sections  in  which  these  are  actually 
seen  to  repose  oonformably  on  the  Cambrian  rocks,  or  on  the  sand- 
stones, limestones,  and  micaceous  flagstones  and  slates  of  Silurian 
sge.  These  last,  when  altered,  are  partially  so  only,  from  actual 
contact  with  some  intrusive  rook.  Moreover,  these  Silurian  beds 
lie  almost  invariably  at  very  low  angles,  usually  Mrith  a  dip  from 
10°  to  30°,  and  sometimes  they  may  be  said  to  be  horizontaL 

The  crystalline  schists,  on  the  other  hand,  which  are  supposed  to 
lie  oonformably  on  these  unaltered  flags  and  slates,  everywhere  in  the 
eastern,  like  those  in  the  western  areas,  lie  at  high  angles,  the  dip 
being  seldom  under  50°  and  usually  from  70°  to  80°.  There  is 
generally  also  a  complete  discordancy  in  the  strike,  when  it  can  be 
traced  for  any  considerable  distance. 

The  nearer  we  approach  to  the  earliest  history  of  the  globe,  the 
more  likely  are  we  to  meet  with  similarity  of  composition  in  the 
majority  of  the  rocks,  and  hence  it  is  that  though  we  speak  of 
many  varieties,  yet  it  will  be  seen  that  the  minerals  which  enter 
into  their  composition  are  comparatively  few,  the  differences  being 
chiefly  in  the  preponderance  or  otherwise  of  any  of  these 

Quartz,  felspar,  mica,  and  hornblende  are  the  minerals  which 
characterize  the  majority  of  the  rocks  in  this  area ;  but  chlorite  and 
other  minerals  are  also  frequently  present.  Limestone  bands  also 
occur  interstratified  with  the  gneisses  at  two  or  three  horizons.  As 
accessory  minerals,  garnet,  epidote,  and  sphene  are  common.  Some 
of  the  rocks  consist  almost  entirely  of  quartz,  others  of  felspar,  or 
mica,  or  hornblende;  but  the  majority  of  a  varying  admixture  of 
these  minerals. 

On  the  shore  between  the  Strath  Hotel  and  Gaerloch  Kirk  a  con- 
siderable thickness  of  very  pure  mica  schists  (or  slates),  with  a 
silvery  lustre,  and  containing  garnets,  occur.  They  dip  at  a  high 
angle,  with  a  general  N.W.  strike,  and  upon  their  upturned 
edges  the  Cambrian  conglomerates,  made  up  largely  of  masses 
derived  from  these  and  other  underlying  rocks,  lie  almost  horizon- 
tally. In  ascending  the  hill  to  the  N.,  a  variable  series  of  schists 
and  gneiss  rocks  are  seen,  dipping  regularly  upon  one  another  at 
high  angles,  usually  in  thin  beds,  easily  separable  also  into  thin 
laminae  along  the  line  of  bedding,  and  but  very  slightly  contorted. 
Hany  are  of  a  dull  and  some  of  a  light  green  colour,  but  the  majority 
are  red  or  grey,  or  consist  of  thin  alternating  laminss  of  these  several 
colours.  There  are  very  few  beds  here  of  the  strong  gneisses  usually 
found  in  and  supposed  to  be  so  characteristic  of  the  western  groups ; 
the  majority  here  may  be  associated  more  correctly  with  the  chloritic 
and  micaceous  schistose  rocks.  Another  variety  found  is  a  gneiss  of 
a  hright  red  colour,  due  almost  entirely  to  the  abundance  of  minutely 
ciys^line  garnets  present. 

Collectively  the  schists  found  in  this  and  the  adjoining  mountains, 
on  the  same  line  of  strike,  do  not  remind  one  of  the  usual  descrip- 
tions which  have  been  given  of  the  western  Pre-Cambrian  rocks ; 
bat  rather  of  some  of  those  more  frequently  referred  to  by  authors 
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as  characteristic  of  the  so-called  newer  or  eastern  metamorphio 
groups,  llieir  thickness  here  is  very  considerable,  and  they  doubUest 
therefore  are  to  be  found  in  other  western  areas.  That  they  belong 
to  the  Pre-Cambrian  rocks  there  can  be  no  doubt  whatever,  at 
evidenced  by  the  vertical  position  of  the  beds,  their  strike,  and  intimate 
association  generally  with  the  typical  gneisses  of  the  district 

Moreover,  the  Cambrian  rooks  rest  horizontally  upon  their  upturned 
edges,  and  may  be  seen  in  this  position  not  only  along  the  shorS) 
but  high  up  in  the  mountains.  That  they  were  also  in  their  present 
altered  position  before  the  Cambrian  rocks  were  deposited  upon 
them  is  clear  from  the  abundance  of  fragments  found  in  the  con- 
glomerates at  the  base  of  those  rocks. 

A  more  quartzose  variety  found  in  association  with  these  dark 
schists  is  described  in  the  subjoined  Note  1  by  Mr.  Davies ;  and  a 
light  red  highly  felspathic  compact  gneiss  found  interstratifying  the 
same  schists  rather  high  up  on  the  same  face  of  the  mountain  look- 
ing over  Gaerloch,  and  very  conspicuous  amongst  the  darker  schists 
by  its  colour,  is  described  in  Note  2. 

Hornblende  is  usually  absent  in  the  quartzose  gneisses  here,  as 
well  indeed  as  in  the  majority  of  those  to  the  north  and  south  of 
this  immediate  area.  Its  place  seems  to  be  taken  up  almost  entirely 
by  black  mica,  and  in  this  these  gneisses  differ  markedly  from  those 
usually  described  as  characteristic  of  other  western  areas  and  of  the 
Hebrides. 

This  is  the  more  remarkable  also,  as  it  will  be  seen  that  horn- 
blende rocks  and  schists  are  plentiful  in  many  parts  of  the  district 
to  the  North  and  South.  The  felspar  is  also  of  a  lighter  colour  on 
the  whole,  than  in  the  Lewisian  gneisses,  being  usually  white  or 
pale  pink. 

[Note  1 . — A  very  micaceous  schistose  rock,  resembling  a  fine-grained 
mica  quartzite,  or  a  mica-schist  A  microscopic  section  shows  quartz 
in  small  grains,  ci^stalline,  but  not  intimately  so,  the  grains  being 
usually  isolated.  Nests  of  quartz  are  not  infrequent,  around  which 
the  mica  curves.  The  orthoclase  felspar  being  much  altered  and 
principally  filling  the  spaces  between  the  quartz  grains  is  not  easily 
Tecognizable ;  but  the  plagioclase  is  in  a  fresher  condition.  Occa- 
sionally large  crystals  of  orthoclase  occur,  in  which  are  inclosed 
numerous  quartz  grains.  The  predominant  mica  is  biotite,  though  a 
monochromatic  mica  is  frequent,  both  of  which,  besides  their  general 
parallel  directions,  are  frequently  developed  at  all  angles  to  the 
plane  of  foliation.  Small  garnets  and  exceedingly  minute  sphene  are 
frequently  to  be  observed. — T.D.] 

[Note  2. — Macrosoopically  this  is  a  pale  pinkish  red  gneissic 
rock,  apparently  consisting  of  felspar  and  quartz  only,  and  is  very 
fine-grained.  Microscopically  it  is  found  to  be  made  up  of  an 
intimately  crystalline  mass  of  felspar  and  quartz  in  fine  grains. 
The  quartz  appears  also  as  individual  grains  inclosed  in  the  felspar 
crystals.  But  this  constituent  here  takes  the  position  of  the  mica 
in  the  preceding  rock.  To  its  development  into  more  or  lesa 
continuous  wavy  bands,  bulging  out  here  and  there  by  the  growth 
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of  a  larger  quartz  orystal,  the  whole  of  the  gneiss-like  aspect  of 
this  rook  is  due.  The  felspar  is  principally  orthoclase,  much  altered^ 
ind  with  a  little  plagioclase  is  occasionally  developed  into  larger 
crystals.  Mica  is  very  sparse,  scattered  irregularly  through  the 
masSy  though  a  yery  few  attenuated  waves  of  folia  are  present,  con* 
sisting  principally  of  musoovite.  Limonite  as  pseudomorphs  after 
minute  oubio  crystals  of  iron  pyrites  is  frequent  throughout. — T.D.] 

I  was  unable  to  examine  the  district  further  north  towards  Poolewe, 
but  Prof.  Seeley,  who  had  gone  over  this  ground  some  time  previously, 
bas  kindly  allowed  me  to  examine  a  collection  made  by  him  in  that 
direction.  In  speaking  of  the  rocks  generally,  he  says  that  he  found 
&  great  variability  amongst  them.  This  agrees  with  what  I  noticed 
also  in  travelling  further  east  on  a  parallel  line,  and  probably  across 
the  same  beds.  Amongst  Prof.  Seeley's  specimens  may  be  men- 
tioned chiefly  some  highly  quartzose  gneisses,  an  augen-gneiis,  a 
large-grained  very  dense  hornblende  rock,  and  a  hornblende  gneiss, 
all  as  nearly  as  possible  identical  with  specimens  I  collected  in  1878 
at  Ben  Fyn  (in  the  so-called  eastern  gneiss).  Other  rocks  which 
may  be  considered  perhaps  by  some  more  typical  even  than  these 
of  the  western  gneiss  occur  here  also,  such  as  a  reddish  felspathic 
rock  with  strings  of  epidote  permeating  it,  and  a  large-grained 
granitoid  gneiss.  Note  No.  3.  A  band  of  limestone  also  has  been 
mentioned  by  Murchison  running  parallel  to  the  gneisses  to  the  S.£L 
of  Poolewe. 

[Note  3. — A  medium-grained  crystalline  rock  consisting  of  quartz, 
orthoclase,  and  some  plagioclase  with  mica.  The  latter  constituent, 
in  addition  to  its  irregular  distribution  throughout  the  rock,  forms 
also  thin  bands  which  are  more  or  less  parallel,  and  to  which  its 
gneissic  aspect  appears  to  be  entirely  due.  Seen  in  thin  section  the 
intimate  crystalline  structure  of  the  constituents  greatly  resembles 
that  of  a  typical  granite,  where  the  minerals  are  developed  without 
any  tendency  to  parallelism  ;  the  evidences  of  a  foliation  here  being 
entirely  absent  except  in  the  wavy  bands  of  mica.  The  quartz  which 
constitutes  the  larger  part  appears  to  be  remarkably  free  from  fluid 
inclusions,  though  traversed  by  numerous  bands  of  exceedingly 
minute  grains,  which  under  a  ^-inch  objective  are  resolved  into 
minute  spherical  and  oval  cavities  which  appear  to  be  empty,  as 
1  failed  to  recognize  in  any  of  them  the  usual  indications  of  fluid 
contents.  Orthoclase  is  the  predominant  felspar,  and  as  well  as 
being  in  a  partly  altered  condition,  is  more  or  less  obscure, 
owing  to  the  presence  of  abundance  of  similar  minute  empty  cavities 
as  occur  in  the  quartz.  Similar  inclusions,  though  mostly  containing 
fluid,  were  recognized  by  ZirkeP  in  the  orthoclase  of  the  gneisses  of 
the  Clover  Canon,  Humboldt  Mountains,  Nevada.  Both  the  felspars 
frequently  inclose  individual  crystalline  grains  of  quartz,  which  from 
their  rounded  contours  recall  to  mind  the  quartz  of  many  quartz* 
felsites.  Plagioclase  is  much  less  frequent,  is  in  fresher  condition 
and  nearly  free  from  inclusions.  Mica  is  dark  greenish-brown, 
strongly   dichroic,  and  is  probably  biotite.     Sphene   with  a  little 

•  ^  liicrofcopical  Petrography,  by  Ferdinand  Zirkel,  Washington,  1876,  p.  17. 
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magnetite  and  a  few  minute  garnets  are  scattered  through  the  rock, 
the  sphene  heing  more  frequent  in  the  mica  bands. — T.D.] 

In  the  district  to  the  S.E.,  and  along  the  road  extending  from 
Slattadale,  on  the  shore  of  Loch  Maree,  to  Lake  Padnascally,  nearly 
all  the  varieties  of  the  gneiss  and  schistose  rocks  already  mentioned 
are  met  with.  The  abundance,  however,  of  black  mica  found  in 
some  of  the  beds  along  this  line  is  remarkable.  In  some  places  it 
forms  a  dense  black  rock,  containing  occasional  nests  of  felspar  and 
very  thin  lines  of  quartz,  but  otherwise  consisting  almost  entirely  of 
this  mineral.  These  rocks  and  the  gneisses  described  in  Notes  4  and  5 
occur  about  Slattadale  and  along  the  south-west  shore  of  Loch  Haree. 

[NoTK  4. — This  rock  presents  the  aspect  of  a  fairly  typical 
gneiss.  It  is  composed  of  a  mixture  of  two  felspars  with  quartz, 
and  numerous  alternating  bands  of  black  mica  containing  much 
sphene  in  pale  yellow  grains  and  crystals.  In  thin  section  it  much 
resembles  the  rock  No.  3,  the  intimate  intergrowth  of  the  quartz 
with  the  felspar  being  strikingly  similar,  the  main  differences  consist- 
ing in  the  more  numerous  and  often  closely -packed  mica  bands  and 
the  greater  abundance  of  the  felspars.  The  quartz  here  is  sometimes 
developed  in  continuous  bands,  which  resemble  lengthened-out 
crystals,  and  it  is  only  by  the  use  of  polarized  light  that  these  are 
shown  to  consist  of  numerous  closely-developed  crystals.  They  lie 
more  or  less  parallel  with  those  of  the  micas.  The  individual 
rounded  crystals  inclosed  in  the  felspars  are  not  so  frequent  here. 
The  minute  empty  cavities  are  also  abundant,  while  small  plates  of 
mica  are  frequently  also  included.  Orthoclase  is  in  crystalline 
masses,  somewhat  altered,  with  a  little  plagioclase.  They  are 
intimately  crystalline  with  each  other  and  with  the  quartz,  this 
latter  constituent  is  in  about  equal  proportion  to  that  of  the  felspars 
combined.  The  mica  is  of  the  same  species  as  in  the  preceding  rock. 
Sphene  is  abundant,  and  more  so  in  the  biotite  bands. — T.  D.] 

("NoTK  6. — This  rock  both  macroscopically  and  microscopically 
strikingly  resembles  the  last  described.  ITie  quartz  and  the  felspars 
bear  the  same  crystalline  relation  to  each  other,  and  the  latter  con- 
stituent is  in  much  the  same  degree  of  alteration.  The  main  differ- 
ence consists  in  tlie  abundance  of  the  mica  (which  is  also  characterized 
by  a  greater  opacity  and  stronger  dichroism),  and  the  sphene  crystals, 
which  are  so  thickly  aggregated  in  some  places  as  to  crowd  out  the 
ordinary  constituents.  Garnet  is  also  present,  but  is  not  frequent 
Here  and  there  is  a  little  green  hornblende. — T.  D.] 

Between  Lake  Padnascally  and  Gaerloch,  along  the  line  of  the 
Kerrie  Hiver,  hornblende  rocks  prevail,  usually  as  hornblende  slates 
and  schists.  At  and  about  the  falls  of  Kerrie  these  slates  dip  so 
evenly  and  regularly  that  at  a  distance  one  can  hardly  realize  that 
they  are  not  ordinary  Silurian  slates.  They  are,  however,  on  closer 
examination  found  to  be  highly  crystalline  rocks,  the  whole  surface 
being  covered  with  fine  needle-like  crystals  of  hornblende.  Some 
are  more  coarsely  crystalline,  but  the  majority  here  are  fine-grained. 
The  beds  dip  at  a  high  angle,  to  the  N.E.,  and  usually  are  not  at  all 
contorted.    The  specimen  described,  Note  6,  is  from  near  this  spot 
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[Note  6. — A  olose  fiae-grained  slate,  which  is  seen  with  a  pooket 
kns  to  oonsist  of  exceedingly  small  acicular  crystals  of  hornblende, 
constituting  a  hornblende  slate  or  what  has  been  designated  a  schis- 
tose  amphibolite.  Examined  in  thin  section  the  yellowish-green 
thin  hornblende  needles  are  seen  to  form  the  mass  of  the  rook ;  they 
lie  in  closely  aggregated  parallel  position  with  a  small  amount  of 
iaterstitial  quartz,  which  occasionally  breaks  into  a  crystalline  nest. 
-T.D.] 

In  a  direction  south  from  this  place  a  narrow  strip  only  of  the  Pre- 
Cambrian  rocks  is  found  uncovered,  extending  chiefly  along  the  lines 
of  valleys.  On  the  sides  of  which  mountains  of  Cambrian  conglome- 
rates and  sandstones  rise  up,  in  some  cases,  as  at  Ben  Alligin,  to  heights 
of  over  3,000  feet  On  the  shores  of  Loch  Torridon  a  very  small 
area  again  remains  uncovered.  Where  exposed,  the  rocks  are  of  the 
types  of  the  gneisses  and  schists  already  described.  Many  of  them 
highly  quartzose,  but  the  felspar  is  more  frequently  here  of  a  reddish 
colour  than  in  those  described  about  Gaerloch  and  Poolewe.  The 
Cambrian  sandstones  [not  generally  here  containing  such  large 
masses  of  rocks  as  at  Oaerloch]  rest  as  nearly  as  possible  in  a  hori- 
sontal  position  on  the  edges  of  the  older  rocks,  and  this  horizontality 
of  the  beds  continuing  from  mountain  to  mountain  with  highly 
precipitous  cliffs  is  a  marked  feature  as  they  stretch  along  the 
shores.  No  more  remarkable  geological  scenery  is  scarcely  to  be 
found  than  is  exhibited  in  the  successive  mountains  of  Torridon 
sandstone  traced  along  the  shores,  and  along  the  valleys  leading  to 
this  Locli.  The  enormous  destruction  of  the  older  rooks  that  must 
have  taken  place  ere  these  mountains  could  have  been  built  up,  and 
the  equally  enormous  denudation  that  must  have  subseqaently  taken 
place  to  have  completely  uncovered  these  older  rocks  again  in  so 
many  areas  and  valleys,  cannot  fail  to  arouse  some  feelings  of 
astonishment  even  in  the  geological  mind. 

{To  b€  continued  in  our  next  Number.') 

IV. — A  Contribution  to  the  Study  op  the  British  Carboniferous 

Tubicolar  Annelida.^ 

By  E.  Etheridoe,  jun.,  F.G.S.,  F.E.P.S.Edin. 

THE  study  of  the  Palaeozoic  Tubicolar  Annelides  has  not  received 
that  amoant  of  attention  which  the  importance  of  the  Order, 
either  from  a  geological  or  zoological  point  of  view,  appears  to 
demand.  True  it  is  that  many  interesting  and  instructive  papers 
and  memoirs  have  from  time  to  time  appeared,  containing  descrip- 
tions of  species,  and  occasionally  of  genera ;  but,  so  far  as  I  know,  at 
any  rate  in  this  country,  no  connected  account  of  either  Silurian, 
Devonian,  or  Carboniferous  Tubicolar  Annelida  has  appeared. 

The  present  paper  is  an  attempt  to  remedy  this  to  a  certain  extent, 
in  so  far  as  our  Carboniferous  forms  are  concerned,  although  it  in  no 
way  pretends  to  be  either  an  exhaustive  or  satisfactory  account,  but 
merely  a  contribution  towards  that  end. 

'  The  Plato  illustratiiig  this  paper  will  appear  with  a  later  port, ^^tDU.  G.  M. 
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The  xnaterial  upon  which  the  following  remarks  are  based  com- 
prises a  collection  from  the  Carboniferous  rocks  of  Scotland,  for  the 
loan  of  which  I  am  indebted  to  the  kindness  of  Prof.  A.  Oeikie, 
LL.D.,  F.R.S.,  the  specimens  contained  in  the  Museum  of  Practical 
Geology,  those  of  the  British  Museum,  and  a  few  kindly  contributed 
by  various  collectors.  The  specimens  in  the  Survey  Cabinets,  both 
of  Edinburgh  and  London,  are  the  result  of  collections  made  by  Messrs. 
J.  Bennie,  A.  Macconochie,  and  the  late  Mr.  R.  Gibbs. 

I  am  particularly  indebted  to  my  friend  Mr.  Bennie,  who  has 
done  his  utmost  in  every  way  to  gather  facts  and  specimens  from  all 
quarters,  and  has  aided  me  with  many  valuable  suggestions.  I  have 
also  to  thank  Mr.  E.  W.  Binney,  F.R.S.,  who  some  years  ago  permitted 
me  to  examine  his  collection  of  Spirorhia, 

The  result  of  numerous  observations  in  the  field  has  shown  that 
our  Carboniferous  Annelides,  so  far  as  habit  is  concerned,  place 
themselves  under  three  headings  or  conditions,  viz. : 

a.  Those  leading  a  solitary  life  attached  to  Mollusca,  Corals, 
Polyzoa,  and  other  submarine  objects — types  Spirorbis  caperatus, 
M*Coy ;  Ortonia  carbonariat  Young. 

b.  Those  occurring  in  small  clusters  of  individuals,  too  many  in 
contiguity  with  one  another  to  be  termed  solitary,  but  not  in 
sufficient  quantity  to  constitute  a  rock-mass — types  SerpuJiten 
carbonariua,  M'Coy ;  and  frequently  Spirorbis  pusillus,  Martin. 

c.  Those  forming  rock-masses,  i.e.  occurring  in  such  quantity  that 
their  shells  or  tubes  after  fossilization  give  rise  to  the  formation  of 
bands  of  limestone  and  other  rock,  often  many  feet  in  thickness — 
type  Spirorbis  helicterea,  Salter. 

The  following  table  shows  the  distribution  of  the  British  Carbon- 
iferous species  according  to  the  above  results : — 

a.  Solitary  species. 


Spirorbis  amhiguus,  Flem. 
„       Archimtdis^  de  Kon. 

it 
»» 


Armstrongi,  Eth.  jan. 

caperatust  M'Coy. 
„       Dawsoni,  Eth.  jun. 
„       Eichwaldi^      „ 
(  „       globosus,  M'Coy.) 
„       intermednu,  M'Coy. 


Spirorbis  pvsiUus,  Martin. 

t«       spinosa,  de  Kon. 
Serpttla  indistincta^  Flem. 
Ortonia  carbonaria,  Youngp. 
Ditrvpa  Byekkolti,  Etii.  jun. 
Vermiliaf  sp. 

„        minuta,  Bronn. 


b.  Gregarious,  or  in  clusters. 

Serpulites  memhr 
Sabella  antiqua,  M'Coy. 


Spirorbis  pusillust  Martin  (in  part).  Serpulites  membranacms,  MCoy. 

Serpula  Torbanensis,  ^th.  2un.  SabelU 

Serpulites  carbonarius,  M'Coy. 

c.  Forming  rock-masses, 
Spirorbis  helicteres,  Salter.  |   Spirorbis  pusillus,  Martin  (in  part). 

Genus  I. — Spirorbis,  Lamarck,  1818. 

(Hist,  des  Anim.  sans  Vertibres,  vol.  v.  p.  858. ) 
Section   Microconchus,   Murchison,    1839. 

(Compare  Spiroglyphus,J)wxdan,  1800.) 

Microconchus,  March.,  Sil.  System,  1889,  p.  84. 

Nautilus,  Hibbert,  Trans.  R.  Soc.  Edin.  1886,  xiii.  p.  151. 

SpirorbiMt  Bumey,  Mem.  Manoheater  Lit.  and  Phil.  Soc.  1852,  z.  p.  196. 
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9yromiea^  Goppert,  in  Gennar*8  Yentein.  Steinkohlen.  Wettin  n.  Lobejun.  1858, 
heft  8,  p.  29  (in.). 
„         Geimts,  Ventein.  Steinkohlenform.  in  Sjushsen,  1855,  p.  8. 
meroamdkus^  Pictet,  Traits  de  Palfontol.  1857,  i?.  app.  p.  710. 
ffynwMMt.  Geinits.  thraa,  1862.  heft  2,  p.  133. 

Pci^orfru,  Van  Beneaen  et  Coemans,  Ball.  TAcad.  B.  Braxelles,  1867.  2xne  Ser. 
xxiii.  p.  890. 
.,        Goldenberg,  Faaoa  SanBpontana  Foes.  1877,  beft  2,  p.  4. 

Chart, — ^Tabe  dextral,  or  sinistral,  attached  by  one  side ;  simply 
ipirally  coiled,  or  the  last  volation  extended  into  a  free  tortuous 
tube  of  greater  or  less  length,  but  usually  short;  chambered  or 
quite  non-septate.  Section  circular,  or  elliptical;  margin  of  the 
aperture  or  mouth  of  the  tube  round  or  a  little  sigmoidal ;  attached 
ride  flattened  or  irregular,  attachment  taking  place  by  the  whole,  or 
only  a  part  of  the  surface ;  sometimes  forms  for  itself  a  depression 
in  the  substance  of  the  body  to  which  it  is  fixed.  Surface  plain,  or 
ornamented  with  microscopic  concentric  striae,  or  coarse  annula- 
tions ;  sometimes  produced  into  spines  along  the  periphery  of  the 
tube,  or  each  annulation  forms  a  projecting  lamella,  or  the  surface 
may  be  generally  spinous,  whilst  occasionally  fine  spiral  strise  are 
present.     Habit  solitary,  or  found  in  large  numbers  together. 

Obs. — The  foregoing  diagnosis  is  drawn  up  to  include  the  small 
tobicolar  Annelides  of  our  Carboniferous  rocks  (and  it  may  be  said 
Palaeozoic  rocks  generally),  usually  referred  to  Spirorhis,  and  in 
some  instances  to  Serpula.  With  the  view  of  expressing  their 
ieparation  and  probable  distinctness  from  the  living  SpirorbiSt  and 
those  found  in  much  younger  rocks,  I  have  employed  the  name 
introduced  by  Murchison  as  a  sectional  term  under  Sptrorbis,  This 
will,  in  a  measure,  tend  to  mark  and  retain  as  a  separate  group  a 
very  interesting  series  of  forms,  differing  in  some  minor  particulars 
from  the  recent  Sptrorbis,  but  still  clearly  allied  to  them. 

The  history  of  Microconchus  will  be  found  under  that  of  the  type 
species,  Jlf.  pusittus,  and  it  will  only  be  necessary  to  notice  now 
one  or  two  points  of  general  interest.     In  the  first  place,  at  least 
two  species  form  for  themselves  depressions  or  hollows,  correspond- 
ing to  their  outline,  on  the  surface  of  those  substances  to  which  they 
are  attached,  whether  animal  or  vegetable.     With  regard  to  the 
latter  it  might  be  contended  that  these  hollows  were  caused  by  the 
pressure  of  the  hard  tube  on  the  softer  vegetable  substance  during 
entombment,  and  subsequent  fossilization.     In  many  cases,  however, 
it  can  be  unmistakably  shown  that  the  Microconchtis  has  become 
inclosed  within  the  substance  of  the  plant,  and  in  the  case  of  shells, 
on  which  certain  species  occur  plentifully,  it  appears  to  pass  under 
the  epidermis  or  outermost  shell-layer.     So  marked  is  this,  in  the 
case  of  a  species  occurring  in  the  uppermost  Silurian  beds  at  Lesma- 
hagow,  that  specimens  of  Modiolopsis,  one  of  the  characteristic  fossils 
of  the  beds  in  question,  and  preserved  as  internal  casts,  are  perfectly 
riddled  with  these  little  parasites,  which  have  left  their  impressions 
deep  in  what  would  have  been  the  shell -substance.     Similar  facts  can 
be  studied  in  connexion  with  the  AnthracomycB  and  other  bivalves 
of  the  Wardie  Shales,  where  Microconchus  occurs  in  thousands,  and 
under  the  same  conditions,  except  that  the  shells  in  this  gaa^  ax^ 
not  preserved  as  oaata. 
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This  power  of  burying  itself  in  the  substance  of  other  bodies, 
although  possessed  by  a  species,  does  not  appear  to  be  always  taken 
advantage  of,  for  examples  of  M.  puaiUus  are  as  common  at  certain 
localities,  simply  adhering  to  the  surface  of  other  organisms,  as  they 
are  elsewhere  when  forming  a  depression  in  the  substance  of  the 
body  to  which  they  may  have  attached  themselves. 

In  connexion  with  this  habit  of  forming  a  depression  in  other 
bodies,  we  must  refer  to  the  genus  Spiroglyphus,  a  name  applied  by 
M'Coy  in  1844  to  a  Carboniferous  worm  possessing  this  peculiarity. 
M^Coy  gives  the  genus  as  by  Lamarck,  but  without  any  reference^ 
So  far  as  I  have  been  able  to  ascertain  at  present,  Lamarck  never 
described  such  a  genus ;  but  there  was  one  so  named  by  Daudin  as 
early  as  1800,  although  it  appears  to  be  very  little  known  or  quoted. 
Both  Bronn  ^  and  Pictet '  ascribe  Spiroglyphus  to  M*Goy,  and  were 
evidently  unacquainted  with  Dandin's  description,  whilst  Morris' 
follows  much  in  the  same  track.  The  late  Dr.  S.  P.  Woodward^ 
placed  Spiroglyphus  provisionally  as  a  subgenus  of  Vermetus,  but  he 
cautiously  remarks,  ''Perhaps  an  Annelide?"  Lastly,  Dr.  Ghenu 
assigns  the  genus  to  Gray  1  and,  like  Woodward,  regarded  it  as  a 
subgenus,  but  of  Siphonium. 

On  turning  to  Daudin 's  little  work,'  we  find  Spiroglyphus  regularly 
defined  as  a  *'  Tubular  shell,  in  an  irregular  spiral,  and  forming  for 
itself  a  bed,  or  groove,  on  the  surface  of  other  marine  shells,"  and 
placed  near  Serpula  and  Spirorbis,  with  which  Daudin  considered*  it 
to  be  allied.  He  further  describes  two  species  from  the  Indian 
Ocean,  S.  politus  and  S,  annulatuB,^ 

^ovf,  if  an}'  deviation  from  the  name  Spirorbis  is  to  be  adopted 
for  these  Carboniferous  worm-tubes,  we  have  before  us  the  choice  of 
Microconchus,  Murchison,  a  name  under  which  they  are  frequently 
known  ;  or  Spiroglyphus,  Daudin.  Notwithstanding  the  great  gap 
existing  between  an  Annelide  of  the  Carboniferous  and  one  now 
living,  I  fail  to  see  clearly  how  they  can  be  separated.  If  future 
researches  should  show  connecting  links  throughout  the  other 
formations,  Spiroglyphus  will  have  to  be  adopted.  It  has  priority 
in  date,  and  the  double  advantage  of  having  been  described  in 
detail  by  its  author.  In  subsequent  pages  I  shall  use  the  following 
subdivision  of  Spirorbis,  thus : — 

(a).  Spirorbis  proper.  Wonn-tubes  possessing  the  generic  characters,  and  simply 
seated  on  and  adhering  to  the  surface  of  foreign  bodies. 

(b).  Microconchus^  Murchison  {  =  Spiroglyphusy  Daudin  ?),  possessing  the  previons 
characters,  but  with  the  habit  of,  at  times,  making  a  depression  or 
groove  in  the  surface  of  the  sustaining  body. 

Another  point  of  much  interest  in  connexion  with  these  Annelid 
remains  is  the  camerated,  or  septated  character,  of  the  tube  in 
some  species.     This  feature  was  many  years  ago  pointed  out  by 

>  Index  Pal.  p.  1184.  »  Cat.  Brit.  Foss.  2nd  ed.  1864,  p.  94. 

«  Traite  do  Pal.  ii.  p.  590.  *  Man.  Mollusca,  p.  133. 

*  Reccuil  de  M^moires  et  de  Notes  sur  les  £sp5ccs  incdites  ou  pen  connues  de 
HoUusques,  de  Vers,  et  de  Zoophytes,  12mo.  Paris,  1800  (p.  39). 

*  pp.  49  and  60. 
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Dr.  Bibhwald  aa  oooarring  in  a  species  which  he  described  under 
the  name  of  Spirorbis  SUuricuSt^  in  which  incomplete  septa  are  said 
to  leparate  the  tube  into  chambers.  Before  this,  however,  Daudin 
wrote  as  follows  regarding  Serpula  MelitensiB:  "The  fossil  Serpula 
of  Malta  (8,  Mditeneia)  also  appears  to  depart  from  the  type  of  the 
geDos,  as  it  is  chambered  within ;  it  is  of  importance  to  ascertain  if 
its  septa  axe  entire  as  in  Tubipora,  or  perforated  as  in  Orthoeeraas*** 
More  reoently,  Mr.  J.  Young,  F.G.S.,'  has  desciibed  a  similar 
Mgmentation  in  a  British  Carboniferous  form,  M.  {Serptda  ? )  helie^ 
krtBj  Salter,  and  in  two  recent  species  of  Serpula,  The  diaphragms 
in  Salter's  species  are  said  to  be  complete,  and  placed  at  irregular 
distances, 

1.  Sp.  (Mieroeonehm)  punllus,  Martin,  sp. 

Onel.  (HeiieiUa)  pusiftus,  MarHn,  Pet.  Derb.  1809.  t  62.  f.  2  and  8. 
MkroeoM^kua  earbomarius,  MoTchlson.  Sil.  Syet  1889,  p.  84.  f.  Dl-DlO.  p.  88. 

PhUliiM.  Brit.  Anoo.  Bept.  for  1886,  pt.  2.  p.  87. 
9ntiUu,  sp.,  Hibbert  Trana.  B.  Soe.  Edinb.  1886,  xiii.  p.  151. 

„    sp..  Rhind,  Jfixoanions  around  Edin.  1886,  p.  85. 
SpinfiiM  omfhaiodtt,  Portlock,  Geol.  Bept.  Londonderry,  1848,  p.  868  (non  Goldfnai, 

nee  Binney). 
M  ^       H *Coy,  Srnop.  Carb.  Lime.  Fom.  Ireland,  l&M,  p.  170. 

„    ap.,  DawaoQ,  Qoart.  Jonm.  GeoL  8oc.  1845,  i,  p.  826. 
JfimeMeAiis,  Bronn,  Index  Pal.  Nomen.  1840,  p.  725. 
Swinr^  emricmtnrius,  Binney,  Mem.  lit.  and  Phil.  8oc.  Manbheiter,  1852,  x.  p.  196, 

t.  2,  f.  8. 
OwrmmieeM  tammumu^  Goppert,  in  Germar's  Ventein.  Steinkohlen.  Ton  Wettin  n. 

LObejOn.  1858.  heft  8.  p.  29,  t.  89,  f.  1-9. 
SermUa  carh&naria^  Morria,  Cat.  Brit  Fott.  1854,  2nd  ed.  p.  92  (non  Binney,  neo 

Giebel). 
AMTorfrif  carhenariMS^  Dawson.  Qaart.  Joum.  Geol.  Soo.  ld54,  x.  p.  89. 
Ofromuee$  mmummis,  Geiniti,  Verstein.  Steinkohl.  in  Sachsen.  1855,  p.  8.  t.  85,  f.  1-3. 
Amr^  carhonariuM,  Eiohwald.  Bull.  Soc.  Nat.  Moacoa.  1856,  No.  2,  p.  407. 
jftrvrftu  pusillus,  Eiohwald,  Lethea  Ronica,  1860.  i.  p.  670. 

„   carhomarhu,  Salter,  Iron  Ores  Gt  Brit.  1861,  p.  226-7.  t.  2.  f.  28, 
e^mmieet  awnH&mis,  Geiniti,  Dyas,  1862,  heft  2,  p.  188.  t.  85,  f.  2  and  2a. 
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;  Sp.  char. — Tube  dextral,  irregalarly  planorbtform,  TaryiDg  from 
I  xpm.  to  3*5  mm.  in  diameter;  volutions  convex,  11  to  3,  not  all  in 
th^  same  plane,  sometimes  protruding  on  the  atta^ed  side,  so  that- 
ifiQre  are  visible  on  that  than  on  the  free  side,  but  at  other  times 
flattened  and  even  grooved;  occasionally  prolonged  into  a  short' 
ftee  tube.  The  last  volution  either  expands  towards  the  aperture, 
when  the  latter  has  a  somewhat  sigmoidally  curved  maigin,  or  it  is* 
sometimes  prolonged  into  a  short  free  tube,  when  the  aperture  is 
circular,  and  inclined  a  little  to  one  side ;  general  section  of  the  tube- 
circular  ;  umbilicus  well  marked,  but  not  exposing  more  than  the 
first  two  whorls  or  volutions  of  the  tube.  Surface  sometimes  nearly 
plain,  but  more  usually  ornamented  with  close,  r^ular,  direot,  trans- 
verse microscopic  strise  or  ridges,  which  vary  in  their  degree  of 
strength,  with  occasionally  one  coarser  and  stronger  than  the 
others  ;  at  times  fine  spiral  strias  are  present 

History, — In  1809  Mr.  W.  Martin  described  what  he  then  took  to 
be  a  small  shell  incrusting  plant-remains  preserved  in  an  ironstone 
nodule  from  Chesterfield,  under  the  name  of  Coneh.  (Helicite$) 
pusillus,^  and  which  he  defined  as  a  depressed,  smooth,  umbilicated, 
firmly-coiled  shell,  consisting  of  three  round  and  tapering  volutions, 
and  with  a  subrotund  aperture.  From  the  general  appearance  of 
Martin's  figure,  there  can  be  little  doubt  that  we  have  here  the 
organism  afterwards  described  by  Murchison  as  Mieroconchut  ear- 
honariusy^  and  first  incidentally  mentioned  under  this  name  as  early 
as  1836  by  the  late  Prof.  J.  Phillips,'  as  occurring  in  the  ArdwiclE 
limestone,  near  Manchester. 

'  The  late  Sir  R.  Murchison,  in  describing  the  fossil  contents  of  a 
**  freshwater  limestone  "  in  the  Shrewsburj'  Coal-field,  proposed  the 
name  Micro,  carbonarius  for  a  ''  very  minute  discoid  univalve,"  with- 
Qut  any  trace  of  chambers,  and  of  which  he  gave  figures  of  all  the 
varieties  noticed  by  him.  This  be  it  noted  without  any  reference  to 
Martin's  figure,  of  the  existence  of  which  he  was  probably  un- 
acquainted. Murchison's  illustrations  exhibit  the  various  varieties 
of  the  M»  carbonarius,  both  in  the  form  of  the  mouth  and  surface 
ornamentation,  and  further  that  one  of  the  specimens  had  been 
attached  to  some  object  smaller  than  itself,  leaving  a  groove  across 
one  surface.  On  another  page^  Murchison  quotes  a  letter  from  Prof. 
Phillips,  who  refers  to  the  same  little  shell  from  the  Manchester, 
iTcfrkshire,  and  Newcastle  Coal-fields.  He  remarked-  that  the  volu- 
iions  ^  touch  one  another  like  Planorbis  when  young,  but  when  old 
are  extended  into  a  free  tube  as  in  Vermetus,  or  rather  like  Vermilia. 
'JThe  ehell  is  sinistral  like  Planorbis,  but  sometimes  shows  proof  of 
being  attached  on  one  side  like  Spirorbis,  Lines  of  growth  strong, 
somewhat  irregular,  deficient  in  parallelism,  and  oblique  to  the  axis 
of  the  tube  as  in  Planorbis  ;  faint  spiral  striae  can  just  be  seen." 

At  the  time  Sir  R.  Murchison  and  Prof.  Phillips  were  engaged  on 
their  investigations  just  referred  to,  Dr.  Hibbert  was  conducting  his 
examination   of  the  Burdiehouse  limestone,  and  he  found  therein 

»  Tetref.  Derb.  1809,  t.  62.  f.  2  and  3.        «  SiluriaD  Syst.  1839,  p.  84,  fig.  Dl-10. 
»  Brit.  Assoc.  Kept,  for  1836,  pt.  2,  p.  87.  *  loc.  eit.  p.  88. 
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shells  with  a  '*  sort  of  spiral  oTffsnization  by  no  means  unlike 
the  Planorbia  or  Spirorhia.'*  ^  llie  figure  which  aooompaniea 
ort  description  renders  it  quite  clear  that  the  body  found  by 
t,  called  by  him  a  NauHluBf  could  be  no  other  than  those  to 
MuTchison  applied  the  name  Micro,  earhonarius, 
Hibbert's  figure  of  the  Naul%lu$  was  reproduced  shortly  after 
plication  by  Mr.  W.  Rhind  in  a  little  work  entitled,  "  iSxcur- 
Llustrative  of  the  Geology  and  Natural  History  of  the  Environs  . 
nbuigh," '  without  comment  or  further  information.  In  the 
tion  of  his  "  Catalogue,"  Profit  J.  Morris  united  the  HdieiUg 
i»  Martin,  and  Murohison's  Micro,  earhonariua,  and  placed 
Mnes  in  the  Gasteropoda. 

843  OoL  Portlock  recorded '  the  occurrence  of  two  forms  of 
bi9  in  the  Irish  Carboniferous  rocks,  8.  omphalodeSy  Goldf.,  and 
utus,  Portlock.  Of  the  first  it  is  said,  *'they  are  fixed  on  the 
^ssed  stems  of  CalanUteB,  and  if  removed,  are  found  to  have 
i  well-marked  impression  on  them."  The  second  species  is 
>  resemble  the  first  in  general  form,  "  but  are  so  minute  and 
)d  together  as  to  appear  like  a  fine  granulation  on  the  crust  of 
oearis  Colei.**  I  shall  have  occasion  to  make  some  remarks  on 
forms  further  on  under  the  subdivision  "Observations." 
ring  Portlock,  we  have,  in  1844,  Prof.  MO)y,^  who  quotes 
he  preceding  species,  but  places  a  note  of  interrogation  after 
termination  of  S,  omphcdodeSf  Qoldt  He  says,  "  On  certain 
>lants  are  found  abundance  of  a  little  sliell  referred  by  Captain 
ck  to  the  above  species.  The  Irish  specimens  are  perfectly 
the  attached  side,  smooth,  and  having  two  and  a  half  or  three 
in  the  spire ;  the  mouth  semicircular.'* 

(To  be  continued  in  our  next  Number,) 

N   THE    AbTIFIOIAL  PRODUCTION   OF   THE  PeBLITIO   StBUOTIJBE. 

By  Grbnyillb  Cole, 
monstratOT  in  the  Geological  Laboratory  of  the  Royal  School  of  Mines. 

tlOUS  investigations  of  the  Perlitie  structure  in  igneous 
rocks  have  resulted  in  its  being  regarded  as  a  product  of 
il  contraction  in  a  cooling  mass  of  lava.  Professor  Bonney, 
paper  on  Columnar,  Fissile,  and  Spheroidal  Structure,'  has 
red  it  to  the  roughly-concentric  joints  to  which,  in  certain 
i,  the  spheroidal  character  is  due ;  and  Mr.  S.  Allport,  in  his 
it  of  certain^  Ancient  Devitrified  Pitchstones  and  Perlites," 
that  "  an  examination  of  all  the  facts  leads  to  the  conclusion 
le  perlitie  texture  is  purely  a  phenomenon  of  contraction." 
8,  then,  there  has  practically  been  no  doubt;  but,  so  far 
m  aware,  the  structure  has  not  until  recently  been  imitated 
ficial  means. 

OS.  R.  Soc.  Edinb.  1866,  xiii.  p.  161.  <  12mo.  1836,  p.  36. 

1.  Rept.  Liondonderry,  etc.,  1843,  p.  363. 

op.  Carb.  Lime.  Foss.  Ireland,  1H44,  p.  170. 

iterly  Journal  of  the  Geological  Society,  toI.  xxxii.  p.  149. 

I,  vol.  xxxiii.  p.  461. 
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While  preparing  miorofloopio  aeodons  in  the  CfeoI(M;iaal  Lsbo- 
ratory  of  the  School  of  Mines,  I  aooidentally  touched  with  wet 
fingers  the  aqaare  of  glass  on  whioh  ■  speoimen  for  grindiag  wm 
becoiaing  set  in  stiff  Canada  balsam.  This  balsam  had  been  soms- 
what  over-heated,  and  had  been  left  to  harden  for  about  a  minate. 
The  sadden  cooling  consequent  on  the  oontaot  developed  a  series  of 
cracks  throughout  ita  thicker  portions,  and  these  in  all  their  details 
correspond  to  the  perlitic  structure. 


Fio,  a.~ 

._  from  Hlinik,  neu 

bj  rapid  cooling.  Behemnili. 

The  fomiatioD  of  the  secondary  or  oorved  contnution-onuikB  has 
indeed  extended  farther  than  in  many  natural  perlites,  four  or  five 
segments  within  one  another  being  not  uncommon  in  this  artifioial 
specimen.  A  aeries  of  fairly  rectilinear  joints  separates  the  graupi 
of  curves,  the  general  character  being  beet  shown  by  the  aooom- 
panying  figure.  A  section  of  a  natural  perlite,  drawn  to  the  same 
scale  of  enlargement,  is  given  for  purposes  of  comparison. 

Subsequent  experiments  show  that  the  rectilinear  series  may  bs 
produced  easily  enough  by  rapid  cooling ;  but  it  is  only  when  the 
conditions  allow  a  farther  contraction  to  take  place  that  the  sets  of 
curves  are  formed  between  them.  The  procedure  has  been  in  later 
instances  to  lay  the  thorougbly-healad  slide  on  a  ohina  plate  con- 
taining a  thin  layer  of  water,  taking  care  that  the  balsam  itself 
remains  exposed  to  the  air  alone.  The  oracks  speedily  develope, 
being  in  some  cases  exceedingly  regular  in  their  characters. 

As  usually  happens,  no  intentionally- produced  result  has  as  yet 
approached  in  completeness  that  accidentally  attained ;  bnt  I  have 
no  doubt  that,  after  some  attempts,  a  good  typical  specimen  of 
perlilic  structure  might  be  procured. 

The  frequent  superior  breadth  and  blackness  of  the  oonoentrio 
segments  may  perhaps  be  attributed  to  their  being  portions  of  actual 
spheres,  and  in  several  places  thur  two  bounding  edges  require  a 
different  adjustment  of  focus  under  the  microscope. 
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As  rapidity  of  cooling  appears  to  be  essential  to  their  prodnction, 
it  may  perhaps  be  inferred  that  a  similar  condition  has  limited  the 
nataial  perlites.  In  that  case,  it  is  suggested  that  a  gradual  passage 
from  the  complete  structure  on  the  surface  to  the  existence  of  the 
.rectilinear  cracks  only,  and  finally  to  the  unbroken  glassy  magma 
at  the  centre,  might  be  traceable  in  the  perlitic  masses  of  the  field  ; 
and  it  would  be  of  interest  to  learn  from  geologists  who  have 
opportunities  for  such  study  whether  a  gradation  of  this  kind 
actually  occurs. 

YL  —  Sons   New  Points    in    thr    Prb-Cahbrian    Grologt   or 

Anglesey. 
By  C.  Callaway,  M.A.,  D.Sc.  London,  F.G.S. 

With    Notes    on    some    of    the    Rocks. 

By  Prof.  T.  G.  Bokney,  M.A.,  etc. 

RECENT  researches  in  Anglesey,  made  with  a  view  to  assist  my 
I  investigations  into  the  Pre-Oambrian  rocks  of  Shropshire, 
have  led  me  to  certain  results,  some  of  which  I  now  submit  to  the 
BSdlog^cal  public  In  venturing  to  differ,  in  some  respects,  from  so 
Jii|{lL-an  authority  as  Prof.  Kamsay,  I  wish  to  bear  testimony  to  the 
gnat  Vala^of  his  descriptions  of  the  Anglesey  rocks  in  his  magnificent 
«0ik  OB  the  G^logy  of  North  Wales.  I  have  had  the  satisfaction 
of -Ending  that  Prof.  Bonney*s  determination  by  the  microscope  of 
•ome  of  the  more  difficult  rocks  substantially  agrees  with  my  own 
opinion  formed  on  hand  specimens,  and  am  under  great  obligations 
to  him  for  permitting  me  to  append  his  notes  to  this  paper. 

The  term  "  gneiss "  is  restricted  in  this  article  to  a  schistose 
compound  of  quartz,  felspar,  and  mica  or  hornblende,  and  is  not 
applied  to  a  rock  in  which  foliation  is  not  quite  distinct;  the  term 
"  granitoidite  "  being  employed  for  certain  granitoid  rocks  for  which 
the  word  "  gneiss  "  has  sometimes  been  used.  Chlorite  is  common 
in  the  Anglesey  gneiss,  but  it  is  hardly  rash  to  infer  that  it  is 
a  decomposition  product  of  hornblende  or  a  magnesian  mica. 

A.— Evidence  of  Pre-Gambbian  Age. 

It  is  well  known  that  the  Survey  has  mapped  the  schistose  rocks  of 
Anglesey  as  metamorphic  Cambrian  and  Silurian,  with  a  great 
granite  band  of  intrusive  origin  ;  but  recently  the  clastic  origin  of 
this  "granite"  has  been  maintained  by  Prof.  Bonney  after  microscopic 
examination,  and  that  author  and  Dr.  Hicks  are  of  opinion  ^  that  the  rock 
is  contemporaneous  with  the  Dimetian  of  Twt  Hill  and  St.  Davids. 

Of  the  accuracy  of  these  views  I  have  no  doubt,  and  I  am  able  to 
furnish  confirmatory  evidence  on  both  points.  First,  as  to  the 
clastic  origin.  North  of  the  Holyhead  Koad,  north-west  of  Gwalch- 
mai,  is  a  faulted  mass  of  the  granitoidite  with  a  steep  escarpment 
to  the  south-east  (Fig.  4).  The  lower  part  of  the  scarp  is  a  bedded 
breccia,  containing  fragments  of  a  sort  of  homstone.  It  dips  at  a 
high  an^le  to  the  north-west,  and  passes  up  into  granitoidite  with 
dirtinct  bedding,  which,  in  its  turn,  passes  up  into   the   ordinary 

>  Quart  Joorn.  Geol.  Soc  vol.  xxxv.  pp.  302  and  307. 
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amorphous  type.  At  many  pointa  ronnd  Lleobyn  ^  farwy  and 
Llandrygarn,  as  will  be  shown  in  detail,  the  granitoidite  is  clearly 
interstratified  with  schist,  and  passes  into  it  both  horizontally  and 
vertically.  As  confirming  the  identity  of  the  Anglesey  and  Twt 
Hill  granitoidite,  the  following  fact  is  of  importance.  Messrs. 
Bonney  and  Honghton'  have  detected  at  Twt  Hill  a  passage  between 
the  granitoidite  and  a  qnartzose  conglomerate  with  a  sonth-east  dip. 
I  have  visited  this  section,  and,  having  examined  the  rock  inch  by 
inch,  I  can  entirely  confirm  their  identification.  There  are  no 
signs  of  a  fault  between  the  granitoidite  and  the  conglomerate,  and 
the  transition  between  the  two  is  gradual  and  unbroken.  1  have 
had  the  good  fortune  to  discover  this  identical  conglomerate  in 
Anglesey.  It  is  exposed  in  two  quarries  near  Nebo,  two  miles 
south-east  of  Amlwch,  dipping  to  the  north-west  at  a  high  angle. 
Lithologically  it  is  perfectly  indistinguishable  from  the  Twt  Hill 
rook ;  the  quartz  has  the  same  glazed  surface,  both  conglomerates 
contain  disseminated  crystals  of  cubic  pyrites,  and  are  tinged  with 
the  same  dingy  purple  colour.  I  could  find  no  granitoid  rook  in 
these  quarries,  but  the  ordinaiy  granitoidite  ocoars  on  about  the 
same  strike,  one-third  of  a  mile  to  the  north-east  That  this 
conglomerate  is  not  Cambrian  or  Ordovician*  is  proved* by  the  fact 
that  in  these  quarries  black  Ordovician  (Carodoc  or  older)  shales 
rest  upon  its  upturned  edges.  It  is  also  associated  with  bands  of 
quartzose  grit  as  in  the  Twt  Hill  locality. 

Tlie  sedimentary  origin  of  the  granitoidite  being  proved,  it  remains 
to  demonstrate  that  it  is  of  Pre-Cambrian  age.  I'he  unconformity 
between  the  Onlovician  group  and  the  conglomerate  of  Nebo, 
just  noticed,  might  perhaps  be  considered  decisive  of  the  qnestion. 
If  this  be  denied,  we  are  thrown  back  upon  the  hypothesis 
that,  between  the  Cambrian  and  the  Caradoc  periods,  the  older 
series  was  metamorphosed  into  granitoidite  and  schist,  tilted  np  at 
a  high  angle,  and  largely  denuded.  This,  I  presume,  no  geologist 
will  maintain.  Tlie  evidence  from  included  fragments  also  tends  in 
the  same  direction.  Prof.  Bonney'  noticed  a  pebble  of  the  grani- 
toidite in  the  Cambrian  conglomerate  of  Llyn  Padam,  and  I  have 
since  observed  that  such  inclosures  are  not  uncommon.  Prof. 
Kamsay  furnishes  similar  testimony.*  He  describes  the  "Silarian" 
conglomerate  of  Anglesey  in  the  following  terms : — *'  The  pebbles 
of  the  conglomerate  are  sometimes  six  or  eight  inches  in  diameter, 
and,  taken  from  different  places  at  random,  they  consist  of  white 
quartz,  grey  quartz-rock,  mica-slate,  green  schist,  jasper,  purple 
slate,  a  granitic  rock  of  quartz  and  felspar  with  sometimes  a  little 
mica,  blue  felspathic  trap,  dark  green  hornblende  rock,  and  chlorite." 
I  have  seen  this  conglomerate  in  several  localities,  and  could  in  all 
material  points  confirm,  were  it  necessary,  the  above  description.  All 
of  the  varieties  named  occur  in  the  metamorphic  groups  of  Anglesey. 

'  Quart.  Jonm.  Ge«l.  Soc.  vol.  xixv.  p.  822. 

*  I  bftve  adopted  Mr.  Lapworth's  name  (GioL.  Mao.  Jan.  1879)  for  the  rocb 
called  <*  Lower  Silurian,"  that  is,  the  groups  from  the  Arenig  to  the  Caradoe 
inclusive.  *  Quart  Joum.  Geol.  Soc.  vol.  xxzr.  p.  316. 

'  Geology  oi  North  Wales,  p.  195. 
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B.— CoMTiKum  or  thk  QBtMiToto  Sbriu  with  am  dmpeeiitiiio 

Qnxisb. 

(a).  The  Craig  yr  Allot  aniieliital. — Dr.  Hicks'   atates  thnt  tl:s 

Dimetiaii  granitoidita  U  the  "boM-line  or  axis"  of  the  Prp-Cam- 

brim  rooks  of  Aoglecey.     From  this  cnnoluaiun  I  am  oompelled  to 

ffiSer.    I  do  not  here  discuss  the  details  of  tlie  group  or  groups 

which  noderlie  the  Dimetian:  I  am  only  oonoorned  to  prove  that  it 

puMB  dowa  without  a  break  into  a  great  aohistose   series.     The 

Fjo.  1.— Plan  of  ths  Cra[g  jr  Allor  ■niieliul. 

Scale :  One  inch  to  the  mUe. 


The  arrow-marlu  indicute  dips  of  dark  gneiiH.     The  dotted  Han  is  the  boundary 
htwcoi  the  gnein  aad  the  grBnitoidile. 

nidenoe  of  this  statement  is  absolutely  complete.  In  the  verj 
centre  of  the  granitoid  "axis,"  rises  a  dome  of  dark  gneiss,  throwing 
off  the  granitoidite  in  all  directions,  and  passing  up  into  it  tbrou^rh 
beds  of  an  intermediate  lithological  character.  This  dome  is  ellip- 
tical, and  is  three  and  a  half  miles  long  by  about  one  mile  and  i\ 
bklfhroad,  its  larger  diameter  striking  north-east  in  agreement  with 
the  geneial  strike  of  the  district.  It  lies  mainly  north  of  the  Holy- 
bead  Road,  and  is  represented,  in  part,  by  the  patch  coloured  as 
'  Qnait.  Jonn.  G«(il.  Soc.  toI.  uxt.  p.  202, 
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"Altered  Cambrian,'*  snirounded  by  "granite,"  on  the  Survey  Map. 
The  most  southerly  point  in  this  area  at  which  I  have  observed  the 
sohist  is  at  Ty  newydd,  half  a  mile  south  of  the  Holyhead  Road,  and 
it  disappears  ander  the  granitoidite  at  the  north-east  extremity  of  the 
ellipse  near  Seri  fach,  one  mile  and  a  half  east  of  Lleohyn  farwy,  in 
the  very  centre  of  the  granitoid  band.  Its  axis  lies  a  little  west  of 
the  craggy  ridge  of  Craig  yr  Allor. 

Proof  of  the  Anticlinal  (Fig.  1). 

Commencing  at  the  south  end,  we  find  at  B wleyn,  north-west  of 
Llanbeulan,  quartzose-  chloritic  schist  with  a  high  S.S.E.  dip.  At 
Ty  newydd,  one-third  of  a  mile  to  the  west,  the  rock  is  similar. 
Coming  round  to  the  north-west  to  the  north  of  the  Holyhead  l?oad, 
we  find,  at  another  Ty  newydd  (Note  1,  p.  126),'  an  exposure  of 
dark  gneiss  with  folia  planes  dipping  at  a  low  angle  to  the  W.S.W. 
A  mile  to  the  N.,  at  Clegyr  gwynion,  I  obtained  the  first  clear 
proof  of  the  infraposition  of  the  schist.  Approaching  the  farm,  the 
foliation  lines  are  seen  striking  to  the  S.£.  across  the  road.  Climb- 
ing the  wall  to  the  right,  1  came  upon  a  projecting  crag  composed 
of  dark  gneiss,  very  micaceous,  interstratified  with  thin  bands  of 
nodular  granitoid  (Note  2,  p.  126)  rock.  About  three  yards  to  the 
N.E.  is  another  boss  composed  of  similar  material ;  but  in  this  case 
the  thin  bands  are  of  schist,  the  rock  beiug  mainly  granitoid.  The 
dip  in  these  passage  beds  is  at  a  moderate  angle  to  the  N.E.  A  few 
yards  further  on  is  a  large  craggy  mass  of  granitoidite,  in  which  I 
oould  detect  no  schistose  intercalations.  These  rocks,  it  will  be 
seen,  show  a  deviation  from  the  normal  N.W.  dip,  and  this  is  not 
the  only  locality  in  which  I  have  noticed  that  the  dome  is  disturbed 
or  fractured.  Tliis  is,  of  course,  precisely  what  was  to  be  expected 
in  such  a  shattered  district  as  Anglesey.  Four  hundred  yards  to 
the  E.,  the  gneiss  dips  to  the  N.W.  A  little  further  to  the  N.E.  is 
contorted  dark  gneiss,  with  broad  quart zo-felspathic  folia  dipping  at 
a  low  angle  to  the  N.W.  and  N.N.W.  Higher  beds,  the  strikes  of 
which  are  seen  at  the  junction  of  the  two  roads  8.  <»f  Trefor,  display 
the  normal  N.W.  dip.  "Here  also  are  seen  nodular  bands  of  granitoid 
rock.  A  mile  N.E.  of  Trefor,  E.  of  Llechyn  farwy,  homblendic 
and  micaceous  schists  are  well  exposed,  dipping  at  a  high  angle  to 
the  N.W.,  and  passing  up  through  nodular  passage  beds  into  the 
granitoid  rocks  seen  N.  of  the  church. 

Coming  round  to  the  N.E.  end  of  the  dome,  we  find  the  very  apex  of 
the  anticlinal.  This  is  seen  about  a  mile  S.E.  of  Llechyn  farwy,  at  the 
second  **  e  "  of  PentreV  felin  in  the  Ordnance  Map,  in  a  field  E.  of 
the  road.  The  beds  are  bent  into  a  perfect  arch,  and  are  composed  of 
alternations  of  coarse  and  fine-grained  dark -green  gneiss,  with  a 
granitoid  band  in  the  middle.  The  axis  of  the  anticlinal  is  seen  to 
trend  to  the  N.E.  Granitoidite  lies  a  few  yards  to  the  E.  Follow- 
ing the   axis  to   the  K.E.,  we  find   in   a  quarry  by  a  farm  the 

^  The  numbers  within  brackets  refer  to  Prof.  Bonney's  appendix  (ppc  125-126). 
This  rock  looks  like  a  hornblende-gneiss,  but  Prof.  Bonney  considers  the  daii^ 
mineral  a  mica.  A  great  part  of  the  upper  ^eiss  seems  homblendic,  but  I  hare 
generally  used  the  term  ^*aark"  throughout  this  paper,  in  deference  to  his  opinion. 
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Ugftwt  beds  of  the  Hhiitoso  arch.  The  ordinarjr  dark  (^eiaa  ■• 
eveHaia  by  a  band  of  granitoid  gneiss,  a  rook  like  (ptinitoidite,  but 
with  homblenrlio  or  micaceous  folia  developed  in  sufGcient  abund- 
ance to  QODTert  it  into  a  trne  sobist.  This  passage  bed  is  overlain 
by  ordinary  gronitoidite,  vrhiob  also  lies  in  mass  to  the  N.E. 
Fia.  2.— Anticliiul  N.E.  at  Pentre'r  felio. 


■  =  Dark  gseia.  i  =  OT«ailoid;Dun.  ;>=  Granitoid  ite. 

East  of  the  anticlinal,  the  dip,  exolusive  of  minor  undulations,  is 
TPfcnlar  to  the  S.E.  The  best  section  is  seen  to  the  S.E.  of  Gwjrndy, 
which  oocupies  a  position  corresponding  to  Llechyn  farwy  on  the 
opposite  aide  of  the  axis.  Just  opposite  the  junction  of  the  two 
roads,  green  schist  dips  at  a  low  angle  to  the  S.E.  This  is  overlain 
by  passage  beds  (granitoid  gneiss),  which  undulate  for  about  200 
yards,  and  then  plunge  to  the  S>E.  under  massive  granitoidite. 
Green  schist  appears  at  intervals  to  the  S.E.,  but  the  band  between 
Gwyiidy  and  Bodwrog  is  mainly  granitoid.  Skirting  the  S.E. 
margin  of  the  schist  anticlinal,  we  find,  about  a  mile  S.  of  Gwyndy, 
the  granitoidite  resting  on  mica-gnoiss ;  the  latter  dipping  to  the 
S.E.  The  junction  is  evidently  a  fault,  for  (L)  there  are  no  passage 
beds,  (2)  th^  mica-gneiss  is  not  the  summit  of  the  schistose  series, 
and  (3)  greenstone  breaks  up  through  the  Dimetian  a  few  yards  to 
the  E.  of  the  jnnotion. 

Between  the  last  spot  and  Bwleyn,  the  point  from  which  we 
started,  the  ground  is  occupied  by  the  broken  ridge  of  Craig  yr  Allor. 
These  rocks  consist  of  black  and  dark-green  gneiss,  sometimes  - 
chloritio,  dipping  S.E.  To  the  W.  of  the  ridge,  the  gneiss  is  massive, 
and  contains  epidote.  At  one  spot,  unrounded  frsgmcnts  of  quartzite 
are  included,  and  weather  out  sharply  on  the  surface.  Granitoid 
concretions  are  not  uncommon,  composed  mainly  of  felspar,  with  a 
little  quartz  and  some  chlorite.  The  Holyhead  Road  passes  across 
the  anticlinal,  about  half  a  mile  S.  of  Craig  yr  Allor.  and  rocks 
of  the  ordinary  types  are  exposed  at  intervals  on  both  sides. 

These  details  clearly  show  that  the  gneiss  passes  under  the  Dime- 
tian to  all  points  of  the  conipass,  anil  that  it  funns  an  elliptical 
quaquaversal  anticlinal  of  Pre-Dimetian  age.  The  presence  of  beds 
of  passage  wherever  the  section  is  unbroken  is  of  great  interest, 
proving  that  the  Dimetian  granitoid  group  is  simply  the  coutinna* 
,tion  of  an  older  series. 

(6),  Section  at  Qaerwen  in  the  Menai  anlielinaL — On  the  Survey 
kap,  two  bands  of  "  gneiss  "  are  indicated,  the  more  easterly  passing 


122    Dr.  C.  Callavay — Pt-e- Cambrian  Oeology  ^  Anglesey, 

through  the  word  ''  Caerwen,"  the  other  about  half  a  mile  weat,  lit 
the  great  fault  which  brings  down  Permian  rooks  against  the  schist 
I  have  run  a  section  JEusross  this  area  from  S.K  to  N.  W.^  with  the 
following  result : — ' 

( I ).  At  the  windmill  at ''  Caerwen.*'  Chloritio  mioa-sohist  or  gneiss 
with  thick  quartz  folia.  Strike  N.  and  S.  Dip  vertical,  or  a  little  to 
the  W.  Small  quarry  a  few  yards  N.  of  windmill.  Hornblende- 
gneiss  '  (Note  3,  p.  126),  indistinguishable  from  a  variety  at  Craig  yr 
Allor,  foh'ation  planes  N.  and  S.,  passing  into  a  rook  in  which  folia- 
tion is  obliterated,  and  which  therefore  might  easily  be  taken  for 
diorite.     The  same  passage  is  also  seed  in  the  Craig  yr  Allor  area. 

(2).  At  a  quarter  of  a  mile  N.N.W.  of  (1),  N.W.  of ''  Post  Office," 
is  an  exposure  of  grey  quartzose  mica-gneiss,  with  a  high  N.W.  dip. 
Tills  rock  is  continued  for  over  a  quarter  of  a  mile  to  the  N.W.  It 
is  well  exi)osed  at  Bryn  sisyr  in  a  road  section,  where  folia  of  pink 
felspar  are  very  distinct.  At  this  locality  some  of  the  schist  is  very 
quartzose.  Further  on,  near  Bryn  disgwyl,  the  gneiss,  vary  con- 
torted, is  exposed  in  quarries  on  both  sides  of  the  stream,  and  similar 
rock  is  seen  in  the  road  and  fields  nearly  up  to  Y  graig.  The  grey 
gneiss  dips  uniformly  rather  high  to  the  N.W.,  and,  if  there  is  no 
repetition,  it  must  be  over  1000  feet  thick. 

(3).  At  Y  graig,  the  dark-green  gneiss  comes  in  again,  dipping 
N.W.  at  50°.  It  includes,  as  in  the  Craig  yr  Allor  district,  some 
bands  of  a  pinkish  quartzo-felspathic  rock,  suggesting  a  transition 
towards  the  granitoid  series :  and  contains  a  great  deal  of  chlorite. 
It  extends  up  to  the  Malldraeth  fault  (throwing  down  Ordovician 
shales  and  Carboniferous  rocks),  and  is  seveitd  hundred  feet  thick. 

We  have  then  two  bands  of  dark-green  gneiss,  with  a  broad 
middle  zone  of  grey  gneiss,  the  whole  dipping  at  a  moderately  high 
angle  (say  50°)  to  the  N.W.,  except  at  the  base  of  the  section,  where 
the  strike  is  N.  and  S.,  and  the  dip  vertical  or  a  little  W.  I  have 
seen  no  reason  to  believe  that  there  are  two  dark  bands  in  the  dis- 
trict. I  am  disposed  to  think  that  there  is  a  repetition  by  folding,  the 
anticlinal  falling  over  to  the  east,  so  as  to  give  a  general  westerly 
dip.  The  grey  gneiss  is  not  seen  S.E.  of  Gaerwen  windmill,  and 
a  little  to  the  S.E.,  at  Gaerwen  station,  we  have  chloritio  schist 
dipping  S.E.  Granitoid  rock  is  slightly  exposed  N.E.  of  Gaerwen, 
near  Cefn  du,  but  I  was  not  quite  sure  that  it  was  in  place.  Whether 
the  repetition  is  by  folding  or  faulting,  or  even  if  there  is  no  repeti- 
tion, my  main  conclusion  is  not  affected,  viz. : — that  at  Gaerwen  we 
have  a  considerable  thickness  of  grey  gneiss  passing  up  into  dark 
gneiss,  which  in  all  respects  resembles  the  dark  gneiss  of  the  Craig 
yr  Allor  anticlinal,  and  which  may  fauly  be  identified  with  that 
series.  This  section  thus  serves  to  bring  the  Pre-Dimetian  gneiss 
of  Craig  yr  Allor  into  relation  with  the  schistose  group  W.  of  the 
Menai  Straits,  and  proves  that  the  dark  gneiss  is  but  the  summit  of 
a  great  gneissic  series. 

'  It  will  be  seen  that  Prof.  Bonney  considers  this  «  diorite,  though  bis  detennint- 
tion  is  not  Tery  positive.  There  is  apparent  foliation  in  the  rock,  and  I  haye  left  mj 
obseryation  to  stand  for  what  it  is  worth. 


Dr.  C  CaUawatf — Prt-Cambrian  Oeoiogy  of  A»gUt»y.    138 

As.  1,— FlsB  t£  tita  giMp  iMwMB  Tf  Cdni  ud  Qwilohmai.  -    ' 


Sfj.le— one  inch  to  thu  mil 
(I — AasoaiATioN  or  Yoloamio  Bockb  with  the  Granitoid  Qboup. 
(a).  Seefum  a(  7^  Croet. — Dr.  Hicke  foiinds  hia  Anglesey  Buccee- 
lioQ  upon  a  section  at  Ty  Groes.'  Aesumin);  the  granitoid  band  aa 
the  base,  he  finds  to  the  E.  an  exposure  of  hiilleflinta,  and  this  he 
places  above  the  graoitoidite,  and  cills  "  Arvonian."  Further  to  the 
E.,  he  oomei  upon  green  schist  with  an  easterly  dip,  which  he  regards 
ta  the  Bammit  of  the  aeries,  and  identifies  as  Febidian.  To  this 
order  I  am  compelled  to  take  serious  objection. 

In  order  to  ascertain  the  true  sucoession,  I  ran  a  series  of  sections 
in  ligxBgs  across  the  three  cones,  fur  six  miles  on  the  strike  \a  the 
N.K  A  few  of  the  most  decisive  results  are  here  given.  I  take  the 
localities  from  aW.  to  N.E. 

At  Pen  y  camisiog,  one  mile  N.E.  of  Ty  Croes,  the  Diinetian 
dearly  dips  to  the  N.W.,  and  one  band  of  it  posses  up  into  qnartz- 
felrite  (Note  1,  p.  125),  without  any  line  of  separation. 

Between  Ty  Croes  and  this  point,  the  "Arvonian  "  hallefiintas  and 
qnutx-felsites  form  a  well-marked  zone  between  the  Dimetian  and 
^  schists.  As  the  Dimetian  dips  to  the  N.W.,  it  is  difficult  to  see 
how  the  "  Arvonian  "  oan  dip  to  the  S.B. ;  and  as  bands  of  quartz- 
blate  of  the  "  Arvonian  "  type  are  interstratified  with  the  Dimetian, 
'  Qasrt.  J«ara.  GsoL  S«e.  toL  uXt.  p.  SOi. 
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it  is  Tair  to  oonclnde  that  the  adjoining  band  of  "  Arvoaiao  "  dips  is 
conformity  witb  the  Dimetian,  and,  therefore,  below  it. 

One-third  of  a  mile  E.  of  Fen  ;  oarniBiog,  iu  the  "  Arvonias  "  zona, 
halleflinta,  booomtng  rather  granitoid  at  joint  aarfaces,  is  exposed. 
Tlie  "  Arronian  "  band  ia  to  be  traced  continuously  for  two  tnilM 
further  to  the  X.B.,  where,  at  Olanrafon,  E.  of  Llanbeulan,  it  is 
repreaented  by  a  well-marked  quarts -felMte,  The  Dlioetian  and  the 
schist  (gneiss)  have  by  this  time  approached  much  more  closely. 


farlongi  N.W.  a(  Owalchiiuii  Chnreb. 


e=  Breccia.  <  =M«miTe  '•  G," 

^^Bedded  "  G."  /eFanlt. 

(&).  Section  N.  of  Guahhmai.—Oae  mile  farther  to  the  N.E., 
four  miles  N.E.  of  Ty  Croes,  is  a  section  whioh  I  regard  as  decisive 
of  the  true  relalions  of  the  three  groups.  It  occurs  N.  of  the  Holy- 
head Road,  two  furlongs  N.  of  Gwalchraai.  The  "  Arvonian  "  has 
almost  disappeared,  the  Dimetian  and  the  scliistose  series  being 
separated  by  a  hollow  only  twenty  yards  wide.  To  the  E.  of  the 
hollow,  grey  gneiss  is  sharply  ccmtorled  for  two  or  three  feet,  and 
then  it  plunges  to  the  S.E.,  in  coufurmity  with  the  uniform  dip  of 
the  Bchiat  on  this  line  of  strike.  To  the  W.  of  the  depression,  the 
Dimetian  risea  in  a  low,  but  steep,  escarpment.  At  the  laase  is  a  com- 
pact felsitic  rock  (Koto  6,  p.  126),  with  a  homy  fractnre.  Fine-grnined 
granitoidite  also  occurs  at  the  same  level.  Immediately  overlying 
the  felsite  is  a  band  of  breccia,  three  or  four  feet  thick.  This  bed  is 
composed  of  homy-looking  fragments,  similar  to  the  basement  felsite, 
in  a  felsitio  matrix  (Note  6,  p.  126).  It  clearly  dips  to  the  N.  W.  at  a 
high  angle,  and  passes  gradually  up  into  ordinary  granitoidite,  dis- 
tinctly bedded,  with  the  same  dip  ;  which,  in  its  turn,  passes  up  into 
the  usual  massive  granitoid  rock  ("  Q  "  of  the  Survey),  in  wbiuh  all 
traces  of  stratification  are  lost.  Figs.  3  and  4  illustrate  the  precediilg 
description. 

This  section  proves  that  the  Dimetian  and  the  schistose  group  at 
this  point  are  separated  by  a  fault,  for  they  dip  steeply  in  opposite 
directions,  the  "  Arvonian  "  has  almost  disappeared,  and  the  schist 
•is  abruptly  contorted  at  the  junction.  This  dislocation  undoubtedly 
runs  to  the  S.W.,  and  holds  tbe  same  position  in  Dr.  Eicks's  section, 
, throwing  bis  "  Pebidian  "  schists  quite  out  of  stratigraphical  relation 
with  bis  Dimetian  and  "  Arvonian."  That  the  scbi^  are  of  Pebidian 
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age  is  rendered  still  more  improbable  by  the  fact  that  they  are  mainly 
gneissia  The  discussion  of  their  true  age  does  not  belong  to  the 
present  paper. 

In  the  last  section,  we  saw,  still  more  clearly  than  at  Pen  y 
oimisic^,  the  intimate  association  of  volcanic  rockis  with  the  grani- 
toid group.  In  further  illustration  of  this  point,  and  of  the 
oocurrenoe  of  halleflinta  in  the  Dimetian,  I  will  call  attention  to  two 
more  localities. 

One  mile  north  of  the  last  section,  between  Ty  newydd  and 
Tyn  rhos,  quartz-felsite  (Note  7,  p.  126)  is  seen  at  more  than  one 
point,  and  in  each  case  it  passes  by  an  imperceptible  traDsition  into 
the  ordinary  granitddite  (Note  8,  p.  126). 

Still  further  to  the  north,  between  Owyndy  and  Pen  y  bone,  a 
thick  band  of  halleflinta  is  exposed  in  a  road  section.  This  bed 
is  towards  the  base  of  the  Dimetian,  since,  towards  Gwyndy,  the 
latter  passes  down  into  the  dark  gneiss. 

Summary. 

1.  The  granitoid  (Dimetian)  rocks  of  Anglesey  pass  down  into 
an  anticlinal  of  dark  gneiss  (above)  and  grey  gneiss  (below).  The 
gneiss  is  also  seen  in  the  Menai  anticlinal. 

2.  Low  down  in  the  granitoid  series  are  bands  of  felnite,  halle- 
flinta, and  felspathic  breccia,  which  can  lay  no  claim  to  the  rank  of 
a  distinct  group  (Axvonian). 

3.  The  schistose  series  at  Ty  Croes  is  brought  into  contact  with 
the  principal  quartz-felsite  and  halleflinta  band  by  a  fault,  and  there 
is,  therefore,  no  proof,  from  this  section,  that  the  schists  are  of 
Pebidian  age. 

YIL — Note  on  the  Migboscopio  Strugtube  of  some  Pre-Cambrian 

Bocks. 

By  Prof.  T.  G.  Bonnbt,  M.A.,  F.R.S.,  Sec.  G.S. 

SOME  repetition  may  be  avoided  in  this  note  by  roughly  grouping 
the  specimens,  which  have  been  forwarded  to  me  by  Dr. 
Callaway,  as  (A)  Felsitic  Hocks,  or  those  resembling  felstones ;  (B) 
Granitoid  and  Gneissic  Hocks;  and  (C)  Dioritic  Hocks.  The 
numbers  attached  correspond  with  the  reference-numbers  in  Dr. 
Callaway's  paper.  I  may  mention  that  in  examining  the  slides  I  was 
ignorant  of  their  bearing  on  the  views  propounded  by  the  author, 
and,  in  some  cases,  of  the  exact  locality  of  the  specimens. 

(A). — Felsitio  Hooks  (4-7). 
These  are  compact  generally  light-coloured  rocks,  breaking  with  a 
rather  sharp  fracture,  and  weathering  to  a  pale,  whitish  tint  The 
ground-mass  of  each  consists  chiefly  of  microcrystalline  quartz  and 
tidlspar,  of  very  indefinite  outline  and  arrangement,  in  which  occur 
some  larger  grains  of  the  same  minerals,  with  more  or  less  opacite 
fmd  other  microlithic  minerals.  The  gi-ound-mass  of  (4)  exhibits  a 
wavy  graphitic  or  almost  arborescent  structure  not  uncommon  in 
felsites.'  The  larger  quartz  and  felspar  grains  are  generally  ragged 
I  Described  by  myaelf,  Qbol.  Mag.  1877,  Dec.  II.  YoU  IT.  p.  608. 
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at  the  edges ;  though  the  latter  are  soroetimes  in  part  bounded  by 
straight  lines.  In  these,  and  occasionally  in  the  groond-mass,  are 
minute  scales  of  a  clear  mica.  The  quarts  is  very  clear.  Magnetite 
("veith  some  haamatite)  may  be  recognized.  Part  of  the  slide  exhibits 
a  brecciated  structure,  but  after  careful  examination  I  am  of  opinion- 
that  this  is  due  to  brecoiation  tii  stttt  ;^  and  that  the  rock  is  a  quartZ' 

(5)  Differences  only  varietal,  ground-mass  less  "  arborescent  *'  in 
structure,  less  porphyritic,  no  mica,  but  a  minute  granular  pale-green 
(homblendic  ?)  mineral.  Less  brecciated  ;  also  a  quartZ'/dtite.  The' 
structure  suggests  the  possibility  of  its  being  a  contemporaneous 
lava.  (6)  Structure  of  ground-mass  yet  more  minute  and  granular;, 
pai'ts  of  the  slide  show  a  distinctly  clastic  structure,  which  it  is  very 
difficult  to  suppose  the  result  of  brecoiation  in  aiiu.  In  any  case,  I- 
believe  the  rock  the  result  of  volcanic  action ;  and  think  it  most 
probably  an  altered  trachytie  tuff.  (7)  Ground-mass  nearer  to  that 
of  first  two ;  but  more  minute  in  structure.  Outlines  of  quartz  and 
felspar  more  regular  than  in  (4)  ;  former  mineral  less  "  clean." 
Numerous  almost  colourless  microliths  in  the  ground-mass.  Rather 
brecciated,  but  as  the  structure  much  more  resembles  that  in  (4),  I 
think  the  rock  a  true  qnartz-fehitef  possibly  once  a  lava  flow. 

(B.) — Granitoid  and  Gnkissio  Rooks  (2,  8,  9). 

These  three  rocks  consist  mainly  of  quartz,  felspar,  and  mica,  and 
are  very  granitoid  in  aspect,  exhibiting  no  distinct  foliation.  Still 
the  outline  and  arrangement  of  the  component  minerals  suggest  that 
they  are  metaraorphic  rather  than  true  igneous  rocks.  (2)  Quartz 
rather  full  of  minute  cavities.  Among  the  felspar,  a  considerable 
arpount  plagioclastic.  Microliths  frequent ;  probably  decomposition 
products  ;  green  mica  (biotite)  and  a  little  white  mica.  A  granitotdite: 
(8)  The  specimen  is  not  a  favourable  one  for  examination,  being 
taken  (probably  unavoidably)  from  on  old  surface.  At  the  first 
glance  it  seems  indubitably  clastic,  but  closer  examination  shows  that 
much  of  this  structure  has  been  produced  in  situ ;  crystals  of  felspar 
being  broken  through  and  recemented  by  vein  quartz,  etc. ;  so  tbat 
we  cannot  cite  it  as  a  proof  of  clastic  origin  for  the  rock  itself.  Still 
so  far  as  the  true  structure  of  this  can  be  ascertained,  it  is  that  of 
a  granitoidite,  rather  than  a  true  granite.  Some  of  the  felspar  is 
orthoclase ;  there  is  also  finely  banded  plagioclase,  and  perhaps  a 
little  microcline — a  good  amount  of  opacite  and  ferrite,  and  a  little  of 
a  clear  micaceous  mineral,  similar  to  that  already  described  in  rocks 
of  this  kind.' 

(C.) — DiOBITB. 

(3)  In  this  specimen  the  felspar  is  a  good  deal  decomposed ;  the 
hornblende  is  green,  showing  good  dichroism  and  characteristic 
cleavage,  but  is  more  or  less  irregular  in  external  form.  Ferrite, 
opacite,  and  larger  grains  of  some  iron  oxide  present.     A  trace  of  a 

'  Prodaced  by  crnsliiiiff  or  strain :  not  uncommon  near  faults. 
.  >  Q^mL  Jpmii.  OeoL  boo.  1870,  vol.  zxxv.  p.  322. 
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pbgioolastio  felspar  is  here  and  there  to  be  recognized ;  the  horn-* 
blende  ^ery  irregnlar  in  outline.  I  believe,  however,  that  we  may 
nfely  affirm  the  rook  to  be  a  true  Diorite.  There  is  a  fair  quantity  of 
a  pale  yellowish-brown  somewhat  earthy-looking  mineral,  with  a 
ikirly-marked  prismatic  cleavage;  occasionally  in  well-defined 
eiystals,  which  from  their  outline  and  optical  properties  appear 
to  be  monoclinic:  microlithic  crystals,  apparently  of  a  similar 
mineral,  are  often  contained  in  them,  lliey  may  be  epidote,  but  are 
not  in  that  case  characteristic  examples;  they  have  also  some 
resemblance  to  sphene. 


I. — A  ManuaIi  of  the  Gkologt  07  India,  etc.      (Second  Notice, 
continued  from  the  Geol.  Mag.  for  February,  1880,  p.  85.) 

Strongly  contrasting  though  the  several  formations  are  which 
nake  up  the  two  great  groups  of  the  Peninsular  and  Extra* 
Peninsular  rocks — they  are  yet  found  in  a  few  places  to  be  in  actual 
juxtaposition,  individual  members  of  each  group  occurring  outside  the 
geographical  limits  of  the  two  areas : — for  example,  in  Cutch  and 
Kattywar,  certain  marine  Extra-Peninsular  beds  are  interstratified 
with  typically  Peninsular  formations.  Again,  in  Sind,  a  representa- 
tive of  the  Deocan  trap  occurs  intercalated  between  the  marine  Eocene 
and  Cretaceous  rocks. 

Two  other  Extra- Peninsular  localities  are  named  by  the  authors, 
in  which  Peninsular  rocks  are  found.  "  One  of  these  is  at  the  base 
of  the  Himalayas,  in  Sikkim  and  Bhutan,  where  fossiliferous  Darauda 
(Lower  Gondwana)  beds  occur.  The  other  is  in  the  Assam  Hills 
(Khasi  and  G^ro),  where  representatives  of  the  metamorphio  and 
Cretaceous  (marine)  rocks  of  the  peninsula,  and  in  all  probability  of 
the  transition  beds,  and  of  the  Kajraahal  traps,  are  found.  But  in 
the  first  instance  the  relations  between  such  Himalayan  rocks  as  are 
associated  with  the  Damudas  and  those  of  other  parts  of  the  Hima- 
layas are  extremely  doubtful ;  and  it  is  not  even  conclusively  settled 
whether  the  Himalayan  rocks  in  question  are  higher  or  lower  in 
position  than  the  Damuda  beds  themselves;  and  in  the  Assam  hills 
none  of  the  older  Himalayan  formations  have  been  detected  ;  they 
appear  to  be  replaced  by  Peninsular  types  "  (p.  xv). 

A  very  interesting  and  important  point  of  contrast  between  the 
two  great  areas,  and  one  throwing  great  light  upon  their  geological 
history,  is  to  be  found  in  the  absence  of  any  traces  of  disturbance  in 
late  geological  times  in  the  Peninsular  area ;  "  a  feature  which  (as 
Mr.  Blanford  pointedly  remarks)  abruptly  distinguishes  the  whole 
area  from  the  remainder  of  Asia  "  (p.  vi).  He  contends  that  the  prin- 
cipal dividing  ranges  of  the  Peninsular  area  **are  merely  plateaus,  or 
prions  of  plateaus,  that  have  escaped  denudation.  There  is  not 
tbroughont  the  length  and  breadth  of  the  Peninsula,  with  the  pos- 
sible exception  of  the  Arvali,  a  single  great  range  of  mountains  that 
coincides  with  a  definite  axis  of  elevation;  not  one,  with  the  excepr 
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tion  qaoted,  is  along  an  antiolinal  or  sjnolinal  ridge.  Peniiunilir 
India  is  in  faot  a  table  land  worn  away  by  subaerial  denudation,  and 
perhaps,  to  a  minor  extent,  on  its  margins,  by  the  sea"  (p.T).  This 
absence  of  OTidenoes  of  disturbance  in  the  Peninsular  area  shows, 
that  during  long  periods  following  the  early  PalsMMsoio  times  con- 
ditions of  remarkable  permanency  and  quietude  prevailed.  A  similar, 
condition  of  but  slight,  if  any  disturbance  seems  to  have  existed 
in  the  Extra- Peninsular  region  also,  till  the  advent  of  the  Tertiary 
epoch,  but  later  on  periods  of  great  disturbance  supervened. 

To  turn  now  to  the  several  formations,  which  want  of  space 
compels  us  to  treat  very  cursorily,  and  to  begin  with  the  metamor- 
phic  rocks — we  learn  from  the  Manual  that,  although  no  relations 
between  the  oldest  Himalayan  rocks  of  this  group  and  the  Gneiss 
of  the  Peninsula  can  be  determined  —  no  contact  section  of  the 
two  formations  being  known — a  well-marked  mineralogical  distinc- 
tion exists  between  the  two.  "  The  contrast  between  the  Peninsular 
and  Extra-Peninsular  regions  begins  thus  with  the  oldest  known 
rocks;  but  it  is  evident  that  the  limits  of  the  areas  were  then 
different  from  what  they  subsequently  became." 

The  Transition  or  sub-metamorphic  rocks,  which  ''consist  of 
schists,  slates,  quartzites,  breccias,  limestones,  etc.,*'  are  stated  to  be 
of  great  thickness,  and  to  occupy  a  considerable  area,  <'  but  their 
history  is  as  obscure  as  is  that  of  the  Gneiss.  Two  great  sub- 
divisions are  recognized,  which  are  again  divided  into  several  groups, 
"  distinguished  as  much  by  locality  "  as  by  mineral  characters. 

The  first  of  these  subdivisions  shows  partial  metamorphism,  and 
otherwise,  also,  a  dose  connexion  with  the  Gneissio  rocks;  it  is 
therefore  thought  to  be  older  than  the  other,  which  does  not  show  such 
conditions.  There  seems  very  good  ground  for  believing  that  some 
of  the  Transition  beds  were  deposited  ''  previously  to  the  last  great 
disturbances  that  affected  the  strata  of  the  Peninsula;  whilst 
later  beds,  when  tilted  or  contorted,  are  only  affected  within  limited 
areas.  Faults  of  considerable  magnitude  have  certainly  been 
foimed  at  a  subsequent  period ;  but  still  the  great  lines  on  which  the 
rocks  of  the  peninsula  have  been  moulded  were  more  than  traced 
before  the  transition  epoch  had  passed  away  "  (p.  xx).  There  is  pro- 
bably much  truth  in  the  statement  that  *<  It  is  far  from  improbable 
that  great  mountain  ranges  were  formed  in  the  Indian  Peninsula 
before  the  dawn  of  geological  histoiy,  as  recorded  by  organic 
remains ;  and  that  the  small  ridges  of  metamorphio  and  transition 
rocks  now  remaining  are  but  the  remnants  that  have  escaped 
denudation"  (p.  xx). 

Ulie  principal  representatives  of  the  lower  subdivision  are  the 
Bijawars,  Champanir,  Arvali,  Malani  and  Behar  groups  in  the 
Peninsular  area,  and  the  Shillong  group  in  the  Extra-Peninsular  area, 
south  of  Assam. 

To  the  upper  subdivision  of  the  transition  rocks  belong  the 
Gwalior  Series  of  the  North  of  the  Peninsular  area,  the  Ealadgi 
Series  of  the  South  Mahratta  country,  and  the  Eadapah  Series  of 
the  Northern  Camatic,  occupying  three  widely-separated  basins. 
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When  treating  of  the  conditions  dnder  which  the  members  of  the ' 
Timlhyan  Series,  the  uppermost  of  the  Azoic  Series,  were  deposited, 
Ml  Blanford  is  led  (Introduction,  pp.  xxi-xxiii)  to  touch  upon 
some  interesting  speculations  as  to  the  possibility  of  these  rocks 
having  been  deposited  prior  to  the  dawn  of  animal  life  on  the  globe. 
He  points  out  also  that  it  is  impossible  to  arrive  at  any  safe  con- 
olosion  as  to  the  marine  or  freshwater  origin  of  the  series,  no  fossils 
having  as  yet  been  found  in  it. 

The  question  as  to  the  importance  of  the  lapse  of  time  indicated  by 
the  great  break  or  unconformity  between  the  Upper  Yindhyans  and 
the  overlying  Gk>ndwanas  is  next  discussed,  and  the  conclusion 
arrived  at  that  **  the  evidence  is  too  uncertain  to  be  accepted  with 
much  confidenoe,  but,  so  far  as  it  goes,  it  is  in  favour  of  the  Yindh- 
yans being  classed  as  very  ancient  and,  perhaps,  as  pre-Silurian." 

The  probability  of  the  various  local  groups  of  the  transition  rocks 
having  been  deposited  in  isolated  areas  is  also  touched  upon,  and  it 
is  pointed  out  a  great  part  of  the  country  was  therefore  then  over  the 
sea,  especially  in  the  Upper  Yindhyan  epoch,  and  that  the  great 
break  succeeding  may  indicate  an  **  extensive  and  prolonged  period 
of  terrestrial  conditions." 

Indications  of  the  early  Palaeozoic  rocks  must  be  sought  for 
among  the  Extra-Peninsular  rocks  of  the  Punjab  and  Himalayas. 
The  most  southerly  occurrence  of  Palaeozoic  rock  is  found  in  the 
Salt  Bange,  one  of  the  most  interesting  tracts,  geologically  speaking, 
in  all  India,  and  remarkable  for  its  enormous  wealth  of  rock-salt 
imbedded  in  the  lowest  series  (locally  exposed)  of  bright  red  marl 
with  gypsum,  which  "  in  all  probability  is  of  Silurian  age  at  latest." 
It  is  overlaid  by  several  hundred  feet  of  sandstones  and  shales,  the 
latter  containing  a  small  Brachiopod  closely  resembling  Oboltis,  At 
the  western  end  of  the  Range  the  salt  marl  is  directly  overlaid  by 
Carboniferous  Limestone,  with  typical  Producti  and  Spirifers, 
Similar  limestones  occur  also  in  the  Suleiman  range,  in  Cashmir, 
and  in  the  trans-Himalayan  area  far  to  the  eastward.  This  proves 
the  existence  of  a  great  break  between  the  salt-marl  and  Carboni- 
ferous rocks.  It  is  impossible  to  say  more  here  about  this  tract, 
which  is  truly  classic  for  Indian  geology — the  reader  must  refer  to 
the  Manual  or  to  Mr.  Wynne's  admirably  illustrated  memoir  on  the 
Salt  Hange  (Memoirs  G.  S.  I.). 

Much  difficulty  is  found  in  correlating  many  of  the  unfossiliferous 
formations  in  the  North-west  Punjab  and  in  the  Western  Himalayan 
region,  and  several  of  the  determinations  can  only  be  accepted  as 
provisional,  though  there  is  much  probability  of  their  being  cor- 
rect. Here  and  there  a  few  reliable  horizons  have  been  settled  by 
the  discovery  of  fossils,  as  the  Carboniferous  beds  of  Kashmir,  and 
perhaps  the  supposedly  Silurian  Bhabeh  and  Muth  beds,  of  Dr. 
Stoliczka,  in  Spiti.  Unquestionably  Silurian  beds  occur  to  the  North 
of  Eumaon.  If  the  supposition  that  the  Attock  Slates  are  really  a 
ttmtinuation  of  the  slates  of  Lahul,  Kishtwar,  and  Kashmir,  should 
prove  true,  and  also  that  the  latter  rocks  are  representatives  of  the 
siarioe  Silurian  rooks  of  Spiti  and  Kumaon,  a  great  step  will  have 
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been  taken  in  unravelling  a  difficult  tangle  in  the  skein  of  Himalayan 
formations. 

The  general  plan  of  structure  of  the  Western  Himalayan  region 
appears  from  the  map  to  be  really  very  simple :  two  great  parallel 
gneissic  axes,  which  run  from  north-west  to  south-east,  bear  on  their 
Sanks  the  Transition,  Palaeozoic  and  newer  formations  in  approxi- 
mately parallel  bands.  The  northern  of  the  two  axes,  known  as  the 
Ladak  axis,  runs  about  50  or  80  miles  from  the  southern  or  main 
axis,  which  constitutes  the  Himalayan  range  proper,  and  is  probably 
continuous  through  the  unknown  regions  of  Nepal  with  the  gneissio 
axis  known  in  Sikkim.  In  the  space  between  the  two  axes  is  the 
Hundes  and  Zanskar  synclinal  valley,  which  contains  a  great  series 
of  marine  fossiliferous  beds,  in  which  all  the  principal  formations 
recognized  by  geologists  are  represented,  except  the  Cambrian, 
Devonian,  Permian  and  Neocomian.  For  want  of  space,  the  question 
of  the  correlation  of  these  beds  and  the  unfossiliferons  rocks  of  the 
Infra-Blaini,  Blaini,  Infra-Erol,  and  Erol  beds  on  the  south  side  of 
the  main  axis,  cannot  be  more  than  alluded  to.  Quite  lately  the  most 
conspicuous  of  these  southern  formations,  the  Erol  limestone,  has 
been  claimed  by  Mr.  Lydekker  as  representative  of  the  Pir  Panjal 
limestone,  which  is  believed  on  fair  evidence  to  be  of  Carboniferous 
age.  *'  If  this  conclusion  be  true,  the  Cis  -  Himalayan  strata  of 
Simla  are  probably,  in  part  at  least,  altered  Palaeozoic  marine  l)eds : 
although  the  absence  of  fossils,  and  the  great  petrological  diflferences 
from  the  trans-Himalayan  formations,  have  led  to  the  suggestion 
that  the  Blaini  and  Krol  rocks  belong  to  the  peninsular  type.  No 
definite  connexion  with  peninsular  rocks  can,  however,  be  made 
out."  (Introduction,  p.  xxvi.) 

The  correlation  of  the  formations  constituting  the  mass  of  the 
huge  Himalayan  Mountain  region  is  ably  discussed  by  Mr.  Medlicott, 
who  divides  his  subject  into  three  sections  treating  of  the  Sub- 
Hiiualayas,  the  Lower  Himalayas,  and  Central  Himalayas  respec- 
tively. His  extensive  personal  acquaintance  with  these  regions 
gives  a  special  value  to  his  opinions  in  disputed  questions,  of  which 
there  are  not  a  few. 

A  speculation  of  great  interest,  bearing  on  the  former  extent  of 
the  ancient  Pala[K)zoic  continent  of  which  the  Indian  peninsula 
doubtless  formed  a  portion,  deserves  attention ;  it  is  put  thus : 
**  There  appears  some  reason  for  inferring  that  the  Pal«eozoio  slates, 
sauilstones  and  limestones,  occupy  hollows  formed  by  denudation 
in  the  old  gneissic  rocks,  and  that  subsequent  pressure  has  produced 
the  appearance  of  inversion  "  (of  the  gneiss  over  the  younger  beds). 
'*  If  this  be  the  correct  view,  it  is  probable  that  the  Ois-Himalayan 
Palaeozoic  rocks  are  in  great  part  of  freshwater  origin,  and  that  the 
present  crystalline  axis  of  the  Western  Himalayas  approximately 
coincides  with  the  shore  of  the  ancient  Palaeozoic  continent"  (p. 
xxvii).  A  similar  suggestion  has  been  made  with  reference  to  the 
Salt  liange  by  Dr.  Waagen,  that  it  represents  a  part  of  the  former 
limits  of  the  Palaeozoic  peninsular  continent. 

The  ^reat  Gondwana  system,  the  Indian  Coal-bearing  series,  is  of 
such  interest  that  it  might  well  receive  leng^hi^iied  notice,  but  space 
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Imite  only  of  very  brief  references  to  it  The  Lower  Gbndwana 
)d8  are  the  oldest  beds  in  the  peninsula  known  to  contain  fossil 
mains,  but  none  of  these  are  marine,  and  all  the  groups,  which 
insist  of  sandstones  and  shales  and  some  beds  of  coal,  appear  to  be 
'  freshwater  origin.  The  Upper  Gondwanas  appear  also  to  be 
ainly  of  freshwater  origin,  but  some  marine  beds  are  associated 
ith  them.  **  From  a  consideration  of  the  facts  known,  the  approxi- 
ate  age  assigned  to  the  Lower  Gondwanas  is  Permian  and  iViassio, 
)88ibly  a  little  older  or  a  little  newer,  the  evidence  being  by  no 
leans  conclusive  :  the  Upper  Gondwanas  are  with  more  certainty 
ABsed  as  Jurassio  "  (p.  xxviii). 

"  The  area  occupied  by  the  Gk)ndwana  system  is  mainly  confined 
>  the  country  between  the  Narbada  and  Son  to  the  north,  and  the 
kistna  to  the  south,  llie  only  outliers  in  the  peninsula  beyond  the 
imits  named  are  near  the  east  coast,  and  on  the  westward  in  Eat ty  war, 
latch  and  Jesalmir,  and  consist  of  Upper  Gondwanas  only." 

Among  much  valuable  information  given  concerning  the  Grond  wana 
ystem  is  a  very  interesting  discussion  as  to  the  supposed  relation- 
hip  between  the  apparently  fiuviatile  basins  in  which  the  Gondwana 
OCKS  occur  and  the  valleys  of  the  existing  rivers,  which  was  held  by 
ome  Indian  geologists  to  be  very  noteworthy ;  but  this  view  is 
lot  favoured  by  the  authors  (p.  xxviii  et  passim).  The  relation 
wtween  the  Gondwana  series  and  the  great  Deccan  traps  is  also 
rested  of,  and  it  is  shown  that  "the  vast  tracts  of  Gondwana 
wks  now  exposed  in  these  areas  owe  their  preservation  in  all  pro- 
)ability  to  the  protection  from  denudation  afforded  by  the  overlying 
raps."  Especially  interesting  is  the  relation  between  the  trap  and 
Upper  Gondwana  beds  in  the  Rajmahal  hills. 

ITie  physical  geography  of  the  Gondwana  period  is  briefly  dis- 
nissed,  as  but  little  is  to  be  said  on  the  subject.  The  very  contra- 
lictory  relations  of  the  Flora  and  Fauna  are  entered  into  fully,  and 
ire  very  well  epitomized  in  the  Introduction  (p.  xxxii).  The  plants 
)f  the  Lower  Series  are  Acrogens  and  Gymnogens  ;  the  former 
[EquisetacesB  and  Ferns)  being  much  more  numerous,  both  in  species 
md  individually,  than  the  latter,  which  consists  of  Cy cads  and  Conifers, 
rhe  plants  of  the  Upper  Series  consist  of  the  same  classes  in  different 
proportion.  Equisetaceae  have  nearly  disappeared,  and  Conifers  and 
jjcadSf  the  latter  more  especially,  are  more  numerous  than  the 
Perns.  "The  only  formations  in  which  plant-remains  occur  in  abun- 
Janoe  are  the  Earharbari,  Damuda  and  Rajmahal,  and  even  in 
tbese  the  number  of  species  is  comparatively  far  from  great." 

Of  the  three  distinct  floras  in  the  Lower  Gondwana  Series,  the 
lowest,  the  Talchir  and  Earharbari,  has  strong  affinity  to  the  lowest 
beds  of  the  European  Trias,  but  an  equally  close  connexion  with  the 
Carboniferous  (Upper  Palaeozoic)  of  Australia,  a  resemblance  which  is 
•kQl  much  more  striking  in  the  succeeding  Damuda  group,  some  of 
fte  former  being  identical,  and  many  closely  allied.  There  is  also  a 
i^r  agreement  between  the  Damuda  plants  and  the  South  African 
fonns  of  the  Karoo  Series.  **  On  the  other  hand,  the  affinity  between 
Damuda   flora  and  that  of  any  lower  Mesozoic  or  PalaaozoiQ 
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group  in  Earope  is  oompanitiTely  smalL  Some  Damuda  pluits  wn 
certainly  allied  to  species  fonnd  in  Carboniferons,  Permian,  TriaBsio» 
and  Jurassic  beds,  and  perhaps  the  most  marked  connexion  is  witk 
the  Lower  Oolites ;  indeed,  the  resemblance  of  a  few  plants  in  thii 
case  led  to  both  the  Damuda  beds  and  the  Anstralian  being  for  a 
long  time  classed  as  Jnrassic "  (p.  xxxiii).  "  However,  there  is  a 
much  closer  alliance  between  the  plants  of  the  Lower  Oolites  and 
those  of  the  nppermost  Gondwana  flora,  and  the  latter  is  divided 
by  an  immense  thickness  of  beds  and  seToral  sncoessiYe  floras  from 
the  Damudas." 

The  Fauna  of  the  Upper  Gondwana  beds  points  strongly  to  a  con- 
nexion with  the  South  African  Karoo  beds  by  the  presence,  in  the 
Mangli  beds,  of  a  Labyrinthodont  closely  allied  to  a  Karoo  type,  and 
by  the  occurrence  in  the  Panchet  group,  the  uppermost  of  the  Lower 
Gondwanas,  of  Dicynodont  reptiles.  The  two  Panchet  Labyrintho- 
donts  are  most  nearly  related  to  European  Triassic  species.  The 
Panchet  flora,  consisting  of  four  species,  shows  two  European  Bhntio 
forms,  the  others  being  allied  to  BhsBtic  forms. 

The  Rajmahal  (Upper  Gondwana)  flora  is  most  nearly  allied  to 
the  Khsetic,  but  is  very  peculiar,  and  differs  much  from  any  European 
flora.  The  Cutch  and  Jabalpur  flora  is  Lower  Oolitic  in  its  own 
affinity,  but  overlies  in  Cutch  marine  strata  of  uppermost  Jnrassic 
age ;  while  the  fish-remains  of  the  Kota  Maleri  beds,  which,  accord- 
ing to  the  plant-remains  they  contain,  are  intermediate  between 
Kajmahal  and  Jabalpur,  are  themselves  of  distinctly  Liassic  affinities, 
and  are  associated  with  teeth  of  Ceratodus  and  remains  of  two 
characteristically  Triassic  reptiles,  Byperodapedon  and  Parasuekw 
It  is,  unfortunately,  not  possible  to  reproduce  here  all  Mr.  Blanford's 
arguments,  but  he  arrives  satisfactorily  at  the  conclusion  that  India 
was  united  with  Australia  by  land  during  the  Lower  Gondwana 
epoch,  but  not  with  Europe,  the  union  with  which  took  place  later  on ; 
hence  Lower  Gondwana  types  found  in  European  rocks  occur  at  a 
later  period.  "  Above  the  Lower  Gondwanas  the  evidence  of  con* 
ncxion  with  Australia  is  faint,  and  where  any  exists,  it  is  perhaps  on 
the  whole  in  favour  of  a  passage  from  India  towards  Australia." 

The  climates  of  India  and  South  Africa  also  show  evidences  of 
similar  condition,  during  the  Lower  Gondwana  epoch,  as  both  in  the 
Talchir  group  and  the  Karoo  series  are  beds  of  apparently  glacial 
origin,  lliese  are  interesting  from  their  relative  proximity  in 
geological  time  to  the  Permian  breccias  of  England,  which  are  also 
su])poHod  to  be  of  glacial  origin,  and  ''combine  to  suggest  the 
p()H8il)ility  of  recurrent  epochs  of  diminished  temperature  having 
tiikeu  place  at  intervals  in  the  earth's  history,  and  of  one  of  these 
intervals  having  coincided  with  the  Permian  epoch." 

Tho  Gondwana  series  has  been  treated  at  very  considerable  length 
by  Mr.  Hlanford,  who  has  devoted  no  less  than  six  long  chapters  to 
tho  full  discussion  of  the  facts  and  theories  concerning  the  great 
plant-bearing  series. 

llie  age  of  the  marine  Jurassics  on  the  east  coast  of  the  Penin- 
sula has  not  yet  been  determined,  except  in  one  case  in  the  Tripetty 


Manual  of  the  Oeology  of  Itidia.  133- 

Sandstones  diBoovered  by  Mr.  King  near  Cocanada.     "The  Gutcli 
beds  afford  a  very  complete  representation  of  all  the  European 
Jaraseio    beds    above  the  Inferior   Oolite;    the  Bath,   Eelloway, ' 
Oxford,  Kimmeridge,  and  Portland  faunas  being  more  or  less  clearly 
distinguished."     The  Upper  Jurassics  are  represented  in  the  Punjab* 
tnd  the  Himalayas 

The  Cretaceous  rocks  of  India  are  of  very  small  extent  and 
t(^K)graphical  importance,  compared  with  many  of  the  older  forma-  • 
tioas,  bat  palsdontologically  they  are  very  interesting,  and  the  South- 
Indian  beds  yielded  a  wonderful  harvest  of  fossils,  especially  Cepha- 
lopoda, which  were  mostly  worked  out  by  the  lamented  Dr.  Stoliczka, 
and  famished  him  with  materials  for  several  great  works  published 
in  the  Palaeontologia  Indica.  The  three  groups  of  Upper  Cretaceous 
beds  occarring  in  the  neighbourhood  of  Pondicherry  and  Trichino-  * 
poly,  and  called  respectively  the  Utatur,  Trichinopoly,  and  Arrialur 
groups,  oorrespond  in  age  to  the  European  beds  ranging  from  the 
Upper  Greensand,  or  Cenomanian,  to  the  Upper  Chalk,  or  Senonian. 
The  lowest,  or  Utatur  beds,  rest  unconformably  on  the  plant-bearing 
Upper  Gondwanas,  or  upon  the  gneiss.  The  formations  are  mostly 
littoral,  and  were  deposited  along  a  coast  not  differing  greatly  from  - 
the  existing  one,  and  lying,  probably,  not  many  miles  to  the  west  of 
their  present  western  boundary. 

A  wide  difference  exists  between  the  fossils  of  the  Bagh  Cretaceous 
beds  in  Central  India,  and  as  strong  a  resemblance  between  the  latter 
and  some  European  Upper  Qreensand  beds,  while  a  singularly  close* 
connexion  existing  between  the  South-African  Cretaceous  beds  in 
Natal  and  the  Trichinopoly  and  Assam  beds  points  to  the  existence 
of  a  barrier  of  land  cutting  off  the  latter  seas  from  the  seas  of  Europe, 
Arabia  (where  Cretaceous  rocks,  with  fossils  of  the  Bagh  type,  occur 
on  the  south-east  coast),  and  Western  India.  Very  probably  this- 
may  have  been  the  same  land  which  united  India  and  South  Africa 
during  the  Lower  and  Upper  Goudwana  eras 

The  chapter  on  the  Cretaceous  system  gives  full  lists  of  the  fossils 
BO  ably  worked  out  by  Stoliczka,  from  which  it  is  seen  that  16*36 
per  cent,  of  the  newest  strata  (of  which  in  all  nearly  800  species  are 
known)  are  forms  known  to  occur  in  Cretaceous  beds  in  Europe,  the 
great  majority  of  them  being  Middle  or  Upper  Cretaceous.  The 
Cephalopoda  taken  alone  give  a  rather  older  aspect  to  the  formation. 
The  Cretaceous  rocks  of  the  South  offer  further  confirmation  of  "  the 
evidence  already  afforded  by  the  Lower  Mesozoio  deposits,  that  the 
Indian  Peninsula  is  a  land  area  of  great  antiquity." 

The  geology  of  the  great  Deccan  Trap  series  and  its  associated 
iossiliferous  beds,  though  very  interesting,  must  be  dismissed  with  a 
few  words.  The  great  flows  of  lava  are  clearly  shown  to  have 
began  at  some  time  between  the  Middle  Cretaceous  and  the  begin-  • 
aing  of  the  Lower  Eocene,  and  to  have  been  subaerial,  not  submarine 
aor  8ub-laoustrine.  The  known  foci  of  eruption  of  the  lavas  are 
described  and  the  characters  of  the  infra-trappean,  or  Lam  eta  beds,  ' 
*nd  of  the  inter-trappean  beds,  both  freshwater  and  marine,  are  fully 
Sone  into  lithologically  and  palsBontologically. 
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Mr.  Blanford  places  the  high-level  laterite  in  the  Eooene  series, 
and  considers  it  of  detrital  origin ;  this  may  he  the  case  with  the 
beds  in  the  northern  parts  of  the  great  trap  area,  but  along  the 
southern  parts  all  the  evidence  obtainable  is  strongly  opposed  to  the 
idea  of  a  detrital  origin,  and  in  favour  of  its  being  purely  a  product 
of  decomposition  of  highly  ferruginous  trap  flows.  Till  therefore  the 
Survey  of  the  central  part  of  the  trap  area  shall  have  been  completed, 
it  must  remain  doubtful  whether  the  ferruginous  rocks  capping  the 
uppermost  trap  flows  at  both  ends  of  the  area  are  really  referable 
to  one  and  the  same  formation. 

The  relations  of  the  several  members  of  the  Eocene  and  newer 
Tertiary  rocks  of  Sind,  the  Salt  Range,  the  North-west  Punjab,  the 
Sub-Himalayan  tracts,  Assam  and  Burma,  are  fully  discussed,  and 
many  points  of  great  interest  are  well  brought  out ;  more  especially 
the  correlation  of  the  Pliocene  Siwalik  fauna  with  the  faunas  of  the 
equivalent  rocks  in  Sind,  Perim  Island,  the  Narbada,  and  Irawadi 
valleys  in  the  East,  and  the  fauna  of  Pikermi  in  the  West. 

Of  extreme  interest  are  the  speculations  as  to  the  distribution  of 
the  dry  lands  existing  during  these  periods,  and  the  effect  upon  the 
successive  faunas  and  floras  of  India,  of  the  connexions  with  Africa 
and  the  Malay  Islands,  also  the  inquiry  into  the  series  of  upheavals 
which  raised  the  Himalayas  to  their  present  vast  height.  Most  of 
this  upraising  is  shown  to  have  taken  place  in  Post-Pliocene  limes, 
and  there  are  evidences  that  the  volcanic  forces  are  not  yet  extinct 
below  the  vast  mountain  chain. 

By  no  means  all  the  points  of  interest  treated  of  in  the  Manual 
are  even  alluded  to  in  the  present  notice ;  but  as  the  limits  proposed 
have  already  been  far  exceeded,  we  must  now  take  leave  of  this  great 
contribution  to  geological  science,  with  hearty  good  wishes  that  it 
may  be  appreciated  by  the  public  as  richly  as  it  deserves  to  be. 
Every  geologist  will  find  it  a  work  worth  possessing,  and  many  can 
afford  to  purchase  it,  its  price  (168.)  being  absurdly  low,  and  a  mar- 
vellous contrast  to  the  exorbitant  charges  which  H.M.  Stationery 
Office  forces  on  the  Geological  Survey  of  Great  Britain  for  its 
smallest  publications.  B.  B.  F. 


II. — Etudes  8ynthI:tique8  dk  G^ologie  Exp£bimentale.  Par 
A.  Daubr£b.  Premi^be  Pabtib.  Deuxi^e  Section.  Phe- 
nom^nes  Mecaniques.     (Paris,  1879.) 

THE  first  section  of  this  work,  which  deals  with  chemical 
phenomena,  has  already  been  reviewed  in  the  pages  of  this 
Magazine,  Vol.  YI.  p.  421  (September,  1879).  In  this  second 
section  the  writer  deals  with  the  mechanical  actions  which  have  been 
developed  during  the  earth's  history,  and  applies  the  experimental 
method  to  their  investigation.  Though  our  means  are  even  more 
disproportionate  to  the  effects  to  be  imitated  in  the  case  of  mechanical 
than  with  chemical  forces,  still  much  light  is  thrown  on  various 
departments  of  Geological  Science. 

The  first  chapter  is  devoted  to  elucidating  the  formation  of  gravel, 
sand,  and  mud.     Fragments  of  rock  were  rotated  together  with 
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water,  in  horizontal  cylinders  of  iron  or  earthenware.  Their  mutnal 
friction  soon  reduced  them  to  pebbles  and  fine  mud.  Sand  is  formed, 
bat  in  subordinate  quantity,  and  is  usually  angular ;  rounded  only  in 
exceptional  cases.  Quartz-sand,  if  derived  from  granite,  is,  liL 
Daubree  says,  always  angular.  Each  sand  bears  in  some  sort  the 
stamp  of  its  source  and  cause,  and  provides  material  for  the  study  of 
former  physical  conditions.  A  section  of  this  chapter  discusses  the 
distribution  of  gold  in  the  bed  of  the  Rhine. 

The  interesting  chemical  actions  which  presented  themselves  in 
these  experiments  were  commented  on  in  the  review  of  the  first 
flection  of  this  work. 

The  chapter  concludes  with  an  account  of  experiments  on  the 
itriation  of  rocks.  They  were  conducted  by  rubbing  pebbles  of 
quartz  and  felspar  on  plates  of  granite,  with  various  pressures  and 
Telocities.  By  this  means  striae  could  be  perfectly  imitated,  and  it 
appeared  that  neither  high  velocity  nor  high  pressure  were  indis* 
pensable.  Indeed,  the  velocity  required  for  the  commencement  of 
itriation  seems  to  vary  inversely  as  the  pressure  acting ;  so  that 
Btriation  depends  on  the  product  of  the  measures  of  pressure  and 
velocity.  An  interesting  observation  is  that  under  sufficient  pressure 
lofter  rocks  may  striate  harder. 

The  pebbles  must  be  firmly  fixed  in  order  to  engrave  the  plate  of 
granite  ;  if  imbedded  in  a  plastic  mass  such  sus  clay,  they  slide  and 
foil  to  scratch. 

The  second  chapter,  incomparably  the  most  important  and  in- 
teresting, treats  of  the  various  deformations  which  the  earth's  crust 
has  experienced,  and  the  infinitely  numerous  fractures  which  sub- 
divide it.  These  in  their  vast  dimensions,  their  unlimited  variety, 
might  be  expected  ti)  mock  our  feeble  attempts  at  imitation  of  them. 
But  Sir  James  Hall's  classic  experiments  on  the  contortion  of  strata 
have  commenced  the  work  of  explanation,  and  M.  Daubree,  follow- 
ing in  the  same  track,  has  provided  a  mass  of  materials  for 
controversy.  The  first  section  of  the  chapter  is  devoted  to  folds 
and  contortions,  which  are  imitated  by  layers  of  metals,  wax,  etc., 
subjected  to  fixed  vertical  pressures,  and  acted  on  by  gradually  in- 
creasing longitudinal  forces.  If  the  vertical  pressure  be  uniform,  the 
folds  produced  are  regular  and  symmetrical ;  but  when  the  vertical 
pressures  are  unequal,  the  folding  also  ceases  to  be  symmetrical. 
The  contortions  are  most  acute  where  the  superincumbent  pressure  is 
least,  as  might  be  easily  conjectured.  Interesting  illustrations  show 
the  growth  of  reversed  folds,  such  as  are  well  known  in  the  Alpine 
Chain  and  elsewhere. 

He  then  proceeds  to  discuss  the  nature  and  causes  of  faults,  joints, 
and  generally  all  kinds  of  fractures  of  the  sedimentary  rocks.  Here 
we  enter  the  battle-field  of  an  ancient  controversy,  long  waged  with 
no  decisive  result,  and  perhaps  even  the  powerful  reinforcements 
which  M.  Daubree  has  brought  up  may  not  be  sufficient  to  secure 
a  victory.  If  the  origin  of  faults  be  not  perfectly  known,  still  few 
will  now  attribute  them  either  to  molecular  actions,  or  to  shifts  in  the 
position  of  the  earth's  equator— opinions  which  are  alluded  to  as  once 
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held.  But  the  cause  of  joints  is  still  a  dispute,  wherein  widely 
different  Tie  we  are  maintained.  Crystallization,  or  processes  analo- 
gous  to  it,  contraction,  and  mechanical  strains,  each  have  their 
various  advocates.  M.  Daubree  marshals  the  whole  array  of  his 
arguments  and  experiments  on  the  side  of  mechanical  actions.  He 
adduces  the  generally  uniform  direction  of  joints  over  wide  areas, 
and  through  varying  rocks ;  the  occasional  distortion  of  the  fossils 
in  their  neighbourhood  (on  the  authority  of  Professor  Harkness) ; 
and  the  well-known  and  significant  fact  that  in  many  conglomerates 
they  cut  clean  through  pebbles  and  matrix  alike,  a  fact  difficult  to 
explain  on  any  hypothesis  of  contraction.  Also  he  contends  that 
faults  and  joints  are  connected  by  so  many  common  characters,  and 
graduate  so  perfectly  into  each  other,  that  a  common  origin  must 
be  sought  for  them.  The  character  in  both  on  which  most  stress  is 
laid,  and  towards  which  the  experiments  are  most  generally 
directed,  is  their  arrangement  in  extensive  parallel  systems. 
Experiments  imitating  undulations  gave  no  satisfactory  result,  but 
torsion  and  compression  reproduced  most  of  the  pecoliarities  to  be 
accounted  for.  For  torsion,  plates  of  glass  were  coated  with  thin 
paper  and  submitted  to  a  wrench.  Figures  are  given  of  the  systems 
of  fractures  produced,  which  do  in  many  respects  recall  the  arrange- 
ment of  systems  of  joints.  Besides  the  visible  fractures,  systems 
of  concealed  planes  of  separation  or  weakness  arise,  which  may  be 
brought  to  light  by  the  impulse  of  a  shock,  and  answer  to  concealed 
joints  or  cleavage. 

For  pressure,  blocks  of  a  mixture  of  plaster  and  wax  were  longi- 
tudinally compressed  by  a  powerful  force.  When  the  blocks  had 
the  proper  degree  of  rigidity,  after  bulging  a  little,  they  yielded 
to  the  stress  by  the  production  of  oblique  fractures,  and  the  con- 
sequent slipping  gave  rise  to  other  fractures  at  right  angles  to 
the  former.  The  ultimate  results,  shown  in  beautiful  plated,  and 
described  at  length,  are  some  larger  fissures  making  angles  of  45^  with 
the  direction  of  pressure,  systems  of  smaller  crevices  parallel  to  one 
or  other  of  these,  and  yet  other  systems  similarly  aligned  of  cracks 
closed,  invisible,  and  almost  infinitely  close  and  numerous.  These 
are  compared  to  larger  and  smaller  faults,  and  joints  and  cleavage. 

The  obvious  objection  to  the  pressure-theory  of  faults  is  the  old 
observation  that  they  generally  'hade  to  the  down-throw.'  M. 
Daubree  answers  that  the  exceptions  are  neither  few  nor  un- 
important ;  and  that  a  horizontal  shift  can  occasionally  be  proved 
by  the  directions  of  the  slickensides.  Probably  he  considers  little 
disturbed  regions  as  homologous  to  the  bulges  on  his  blocks,  where 
the  bulge  must  create  ruptures  by  tension.  He  seems  also  to  com- 
pare the  fractures  of  such  regions  with  the  results  of  his  experiments 
on  torsion.  In  truth  any  irregular  settlement  of  beds  can  scarcely 
fail  to  produce  actions  analogous  to  those  of  a  wrench. 

For  pressure  as  a  cause  of  joints  there  seems  much  to  be  said. 
If  it  be  objected  that  joints  ought  in  that  case  to  show  slickensides, 
M.  Daubree  gives  instances  where  they  do.  Besides,  the  motion 
which  relieved  the  stress  might  well  be  so  minute  as  to  cause  no 
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mble  displacenient,  jast  as  in  the  production  of  columnar  structure 
in  igneous  rocks,  the  contraction  which  has  relieved  the  tension  is 
often  almost  microscopic.  The  regularity  and  smoothness  of  joints 
agrees  much  better  with  pressure  than  with  tension.  The  shearing 
itress  of  a  pressure  requires  a  plane  face  of  rupture  to  permit  the 
sliding  which  will  relieve  it,  while  a  tension  could  be  eased  and 
ended  by  the  opening  of  any  crack,  however  irregular.  It  might 
also  be  alleged  that  contraction  ought  to  produce  hexagonal  columns, 
or  rhombohedrons  and  spheroids,  while  pressure,  as  in  these  experi- 
ments, developes  rectangular  blocks.  However,  Jukes  mentions 
oaboidal  jointing  developed  in  certain  cooled  sings,  which  is  clearly 
a  consequence  of  contraction. 

The  sections  devoted  to  the  connexion  of  valley-systems  with 
faults  and  jointing* will  scarcely  satisfy  physical  geologists.  But 
the  maps  and  diagrams  given  are  very  interesting.  The  maps  are 
ingenioasly  accompanied  by  superposed  transparent  diagrams  of  the 
funeral  lines  of  water-flow.  These  do  show  a  marked  tendency  to 
arrangement  in  two  systems  mutually  at  right-angles.  Some  evi- 
dence is  given  that  there  are  systems  of  faults  and  joints  parallel  to 
these,  but  the  proofs  offered  that  certain  valleys  could  not  have  been 
formed  by  erosion,  without  joints  or  faults  to  guide  it,  will  hardly  be 
oonsidered  conclusive.  There  is  no  allusion  to  the  theory  of  rivers 
cutting  their  way  across  ridges  in  process  of  elevation.  The  canons 
of  Colorado  are  quoted  as  scarcely  opened  fissures. 

M.  Daubree  introduces  the  terras  Paraclases  to  denote  fractures 
with  a  throw ;  Diaclases  for  simple  surfaces  of  separation ;  Litho- 
clases,  to  include  both.  The  latter  should  surely  be  Petroclases, 
and  there  appears  no  distinction  between  the  former  terms  and 
faults  and  joints  respectively.  Is  it  not  a  pity  to  coin  new  words 
unnecessarily  ? 

Some  experiments  are  described  on  the  origin  of  indented  pebbles, 
a  phenomenon  to  which  we  remember  no  reference  in  English  books, 
and  some  pretty  figures  are  given  of  the  mutual  actions  of  a  non- 
oontractile  envelope  and  a  contracting  nucleus.  Systems  of  wrinkles 
are  the  result,  answering  to  mountain  chains  on  the  surface  of  the 
earth. 

While  in  the  second  chapter  M.  Daubree  treats  of  a  controversy 
•till  active,  in  the  third  he  takes  up  one  generally  regarded  as  set  at 
rest  Sharpe,  Darwin,  Sorby,  and  Tyndall,  have  proved  that  slaty 
oleavage  is  due  to  lateral  pressure.  It  is,  however,  not  universally 
admitted  that  foliation  is  due  to  the  same  cause.  M.  Daubree  seems 
to  consider  them  not  only  due  to  the  same  cause,  but  to  be  the  same 
thing,  and  applies  the  single  term  "  schistosite  *'  to  them  both.  It  is 
well  known  that  pressure  has  produced  a  laminated  structure  in 
lome  igneous  rocks,  and  M.  Daubree's  remarks  on  the  production  of 
foliated  granite  in  a  similar  manner  are  well  worthy  of  consideration. 
Instead  of  the  fashionable  belief  in  the  metamorpbism  of  sedimen- 
tary rocks  into  granite,  he  here  appears  to  maintain  the  possible  con- 
version of  granite  into  gneiss. 
Bat  when  M.  Daubree  seeks  to  illustrate  schistose  structure  by 
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the  texture  of  clay  extraded  under  powerful  pressure  through  an 
orifice,  geologists  will  scarcely  think  this  a  representation  of  the 
common  process  in  Nature.  He  remarks  that  in  this  case  lamination 
is  produced  in  the  direction  of  the  pressure*  instead  of  at  right-angles 
to  it,  as  in  tlie  experiments  of  Sorby  and  Tyndall.  But  in  truth 
their  experiments  produced  the  structure  by  pressure  :  these  gene- 
rate it  only  by  flow.  He  remarks  that  a  very  small  molecular 
motion  is  sufficient  to  develope  the  structure,  but  this  does  not  seem 
obvious.  The  result  which  appears  most  interesting  is  that  extreme 
pressure  can  produce  in  many  apparent  solids  a  kind  of  flow ;  so 
that  there  may  be  difficulty  in  distinguishing  between  the  flow  of  a 
slightly  viscous  solid  under  powerful  constraint,  and  the  free  motion 
of  a  body  fluid  from  heat 

The  discussion  of  the  fan-structure  in  the  Central  Alpine  gneiss 
is  somewhat  difficult  to  understand.  In  his  experiments  M.  Daubree 
seems  to  imply  that  the  bedding  was  already  vertical  when  forma- 
tion of  the  fan-structure  commenced.  Yet  it  is  not  quite  dear 
whether  he  does  not  consider  the  gneiss  to  have  been  extruded 
through  rents  in  the  superincumbent  strata,  as  the  clay  in  his  experi- 
ment was  extruded  from  the  orifice  in  the  press. 

The  last  chapter  gives  the  results  of  some  experiments  on  the  heat 
developed  by  crushing,  grinding,  and  mashing  day,  and  in  the 
mutual  friction  of  rocks.  As  in  the  first  section  of  the  work  it  was 
argued  that  comparatively  moderate  heat  might  produce  extensive 
metamorphism,  so  here  the  object  is  to  show  that  such  movements  of 
strata  as  have  been  described  could  easily  generate  a  heat  which 
would  be  sufficient 

The  second  volume,  which  has  just  appeared,  M.  Daubree  devotes 
to  '*  Cosmology,"  discussed  mainly  by  aid  of  the  phenomena  of 
meteorites.  E.  H.  (Cambridge). 


ni. — ^Thk  Journal  of  thb  Royal  Mickosoopioal  Society.  Vol. 
II.  Nos.  4-7,  and  Supplemental  No.  7a.  For  June  to  December, 
1879.  8vo.     (London  and  Edinburgh  :  Williams  and  Norgate.) 

SINCE  our  last  notice  (October,  1879)  of  this  valuable  periodical, 
the  energetic  Editor,  Frank  Crisp,  with  the  assistance  of  other 
able  Fellows  of  the  Society,  T.  Jeffery  Parker,  A.  W.  Bennett, 
and  F.  Jeffrey  Bell,  has  suc<;essfully  carried  out  the  improved  plan 
of  the  Journal,  and  given  to  the  scientific  world  a  vast  amount  of 
original  and  derived  information  on  the  many  subjects  interesting  to 
Microscopists,  and  therefore  to  Naturalists  of  many  denominations. 
The  contents  of  more  than  800  serial  publications,  from  all  civilized 
countries,  are  laid  before  the  readers  of  the  Journal  in  a  classified 
form  every  two  months.  On  modem  applications  of  the  microscope 
to  Greology  there  is  a  memoir  by  Fouque  in  the  '*  Revue  des  Deux 
Mondes/*  xxxiv.,  which  is  briefly  noticed  in  the  ''  Journal  R.  Microso. 
Soc.,"  No.  12,  p.  773  ;  and  at  p.  459  the  blackness  of  some  weathered 
limestone  and  other  rocks  is  referred  to  a  Protococcm  and  Ziehen* 
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llaxtj  of  the  zoological  and  botanical  notices,  among  the  excerpts  and 
abetracta,  of  which  there  in  a  list  occupying  sixteen  pages,  have 
useful  bearings  on  the  study  of  palaeontology  ;  and  in  the  rich 
bibliograpbj  many  geological  memoirs  are  noted.  T.  R.  J. 

IV. — A    MONOGBAPH     OF    THE     SiLUBIAN    F088ILS    OF    THE    GiBVAN 

DisTBiCT  IN  Atbshibe.  By  H.  A.  Nicholson,  M.D.,  D.Sc.,  eta, 
and  B.  Ethebidoe,  jun.,  F.G.S.,  etc  Fasciculus  II.  8vo.  pages 
137-234,  Plates  X.-XV.  (Edinburgh  and  London :  Blackwood 
and  Sons,  1880.) 

THE  Girvan  Monograph,  aided  by  the  Royal  Society's  grant,  has 
special  reference  to  the  Silurian  Fossils  in  Mrs.  Gray's  collec- 
tion ;  and  this  second  portion  treats  wholly  of  Crustacea — namely, 
the  Trilobites  that  were  not  described  in  the  first  Fasciculus,  some 
Phyllopods,  Cirripedes,  and  Ostracods.  Of  Trilohita,  altoirether 
twenty-one  genera  are  recorded  as  having  been  found  in  the  Girvan 
District,  and  cure  described  with  their  sixty-three  more  or  less  definite 
ipecies.  These  are  all  illustrated  in  the  plates,  excepting  some 
specimens  mentioned  by  Salter  and  M*Goy,  but  now  missing.  Of 
Pkyllopoda  the  following  from  Girvan  are  described : — Solencaris 
9olenoide8,  J.  Young ;  Pinnocaris  Lapworthi^  R.  E.  jun. ;  Peltocaris  (?), 
8p.;  Dictyocaris  (?),  sp.  The  Cirripedia  are  represented  by  Turn- 
kpas  scotica,  R.  E.  jun. 

The  Silurian  Ostracoda  from  Girvan  are  here  described  by  Prof. 
T.  Rupert  Jones  (pages  21C-223,  pi.  xv.).  They  are  referred  to 
Cy there  Aldensis,  M'Coy,  and  var.  majors  Jones;  C.  Grayam,  J.; 
C.  Wrtghttana,  Jones  and  HoU ;  Beyrichia  Kloedeni,  MCoy ;  B, 
impendens,  J. ;  B.  comma,  J. ;  Primitia  Barrandiana,  J. ;  and  Entomis 
globvlosa,  J. 

The  occurrence  of  these  Crustacea  in  the  several  strata  of  the 
Girvan  area  is  described  in  detail  in  the  '*  General  Remarks,"  pp. 
223-233 ;  and  their  geographical  distribution  is  clearly  shown  by  a 
large  table.  The  descriptions  are  careful  and  exhaustive,  enriched 
with  conscientious  references  to  other  authors  and  comparisons  of 
their  results.  The  plates  are  good,  except  that  pi.  xv.  appears  to 
have  been  worn  out  or  rubbed  down  too  much. 

This  will  be  a  very  handsomo  work  when  finished,  and  cannot  fail 
to  prove  of  standard  importance. 


Geological  Society  of  London. 

I.— January  21,  1880.— Henry  Clifton  Sorby,  Esq.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  "On  the  Genus  Pleuracanthtis,  Agass.,  including  the  Genera 
Orikacanthus,  Agass.  and  Goldf.,  IHplodua,  Agass.,  and  Xenacanthus, 
Beyr."    By  J.  W.  Davis,  Esq.,  F.G.S. 

The  author  commenced  with  an  historical  account  of  the  supposed 
fieoera  of  fishes  founded  on  remains  occurring  in  Carboniferous  and 
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Permian  strata,  mentioned  in  the  title  of  his  paper.  The  teeth 
described  by  Agassiz  under  the  name  of  Diplodus  have  been  already 
shown  by  Sir  Philip  Egerton  to  be  associated  with  spines  of  the 
PleuraeanthuS'tyiiQ ;  and  this  identification  was  accepted  by  the 
author,  who  also  showed  that  Xenacanthus,  Beyrich,  is  identical  with 
Pleuracanthus,  and  that,  on  the  ground  of  priority,  which  there  is 
no  reason  for  disregarding,  the  latter  name  ought  to  be  retained. 
With  regard  to  Orthaeanthus  he  indicated  that  in  the  type  described 
by  Agassiz  the  two  rows  of  denticles  are  placed  close  together  along 
the  posterior  face  of  the  spine;  while  in  his  Pleuracanthus  the 
denticles  are  situated  as  far  as  possible  apart  on  the  sides  of  the 
spine.  In  the  new  Carboniferous  species  described  in  the  present 
paper,  and  in  those  described  and  figured  by  the  officers  of  the 
United-States  Survey,  the  denticles  occupy  almost  every  intermediate 
position  between  these  two  extremes,  and  hence  the  author  was 
inclined  to  unite  OrthacarUhua  with  Fleuracanlhus.  Compsacanihus, 
Newb.,  is  also  probably  nearly  related  to  Pleurcteanthun,  The  author 
described  in  some  detail  the  characters  of  the  genus  Pleuracanthus, 
and  discussed  its  scientific  position,  with  regard  to  which  he  inclined 
to  the  adoption  of  Dr.  Rudolph  Ener's  opinion  that  the  Pleuracanths 
constitute  a  type  of  fish  intermediate  between  the  Elasmobranch  and 
Teleostean  fishes,  but  more  nearly  approaching  the  latter,  probably 
through  the  Siluroids. 

Ten  species  of  the  genus  Pleuracanthus,  modified  as  above,  were 
described  by  the  author  from  the  Goal-measures,  principally  of 
Yorkshire.     Eight  of  these  were  described  as  new. 

2.  '*  On  the  Schistose  Volcanic  Rocks  occurring  on  the  West  of 
Dartmoor,  with  some  Notes  on  the  Structure  of  the  Brent-Tor  Vol- 
cano."    By  Frank  Rutley,  Esq.,  F.G.S. 

Among  the  ashy  beds  of  this  district  are  certain  amygdaloidal 
schistose  rocks,  which  the  author  is  of  opinion  are  really  lava-flows, 
which  have  probably  been  crushed  or  infiltrated,  and  have  so  as- 
sumed a  foliated  structure  owing  to  pressure  from  superincumbent 
beds  acting  on  rocks  thus  constituted.  They  are  much  altered,  but 
were  probably  once  basalts.  The  author  considered  it  very  probable 
that  these  schistose  beds  and  Brent  Tor,  considered  to  be  of  Carbon- 
iferous age,  are  identical  with  beds  near  Tavistock  and  in  the  Saltash 
district,  which  are  of  Upper  Devonian  age. 

In  the  concluding  part  of  the  paper  the  author  described  the  beds 
of  alternating  ashes  and  lava,  now  much  disturbed  by  faults,  which 
constitute  all  that  remains  of  the  ancient  Brent-Tor  Volcano,  and 
endeavoured,  from  the  evidence  which  can  be  thus  obtained,  to  give 
a  probable  reconstruction  of  the  former  cone. 

3.  *<0n  Mammalian  Remains  and  IVee-trunks  in  Quaternary 
Sands  at  Reading."     By  E.  B.  Poulton.  Esq.,  F.G.S. 

The  author  described  in  detail  a  pit  opened  on  the  south  slope  of 
the  Thames  Valley  on  the  Redland  Estate  at  Reading,  about  36  feet 
above  the  river-level.  The  north  face  shows  gravels  and  alluvia  con- 
taining chalk-flints  and  fossils,  fragments  of  Oolitic  limestone  and 
fossils,  and  scattered  materials  of  the  high-level  gravels  overlying 
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reoonBtmoted  beds  (sands  and  clays)  composed  chiefly  of  the  dUbris 
of  the  Woolwich  and  Reading  beds,  and  in  part  of  the  basement  bed 
of  the  Liondon  Clay.  The  author  noticed  especially  the  traces  of 
flaviatile  action  displayed  in  these  reconstructed  Tertiary  materials, 
and  the  fossil-remains  found  in  the  sands  and  gravels,  which  included 
traces  of  ElephoB  primigeniuB,  Bos  primigeniuB,  EquuB  foasUis,  and 
7  Rhinoceros  tichorhinus,  besides  numerous  portions  of  trunks  of 
trees,  in  some  parts  of  which  traces  of  coniferous  structure  had  been 
recognized.  The  characters  presented  by  this  pit  were  of  interest, 
IS  adding  another  to  the  scattered  evidences  of  the  existence  in  post- 
glacial time  in  the  valley  of  the  Thames  of  a  larger  river  occupying 
Uiat  valley,  and  flowing  at  from  20  to  30  feet  higher  than  the  pre* 
lent  river.  

II. — February  4. — The  President  announced  that  a  circular  had 
been  sent  to  the  Society,  stating  that  certain  old  students  of  Freiberg 
were  endeavouring  to  collect  the  means  for  erecting  a  monument  in 
Freiberg  to  the  memory  of  the  late  Prof.  Bernhard  von  Gotta,  and, 
farther,  of  establishing  a  Fund  for  the  assistance  of  needy  students 
at  the  Mining  Academy  of  that  place. 

The  following  communication  was  read : — 

**  On  the  Oligooene  Strata  of  the  Hampshire  Basin.'*  By  Prof. 
John  W.  Jndd,  F.R8.,  Sec.  G.S. 

The  study  of  the  succession  of  strata  in  the  fluvio-marine  series  of 
the  Isle  of  Wight  and  the  New  Forest  is  attended  with  considerable 
difficulties,  partly  on  account  of  the  inconstant  character  of  the  beds 
composing  estuarine  formations,  and  partly  because  of  the  thick 
superficial  deposits  which  everywhere  cover  them.  By  Webster  a 
Lower  Freshwater  Series,  a  Middle  Marine,  and  an  Upper  Fresh- 
water Series  were  recognized;  but  Mr.  Prestwich  showed,  in  the 
year  1846,  that  at  Hamstead  Cliff  we  have  both  freshwater  and 
marine  strata  lying  above  all  these;  and,  in  1853,  Edward  Forbes 
proved  that  the  marine  and  freshwater  strata  seen  at  Bembridge 
Ledge  were  not,  as  had  previously  been  supposed,  the  equivalent  of 
those  of  Headon  Hill,  but  occupy  a  distinct  and  higher  horizon. 
Hitherto,  however  (in  spite  of  some  suggestions  to  the  contrary 
which  were  made  by  Dr.  Wright  and  Prof.  Hebert),  the  strata 
exposed  at  the  base  of  Headon  Hill  have  been  believed  to  be  a 
repetition,  through  an  anticlinal  fold,  of  those  seen  at  Colwell  and 
Totland  Bays. 

In  the  present  memoir  it  is  shown,  both  by  stratigraphical  and 
palseontological  evidence,  that  the  Colwell-  and  Totland-Bay  beds 
are  distinct  from  and  overlie  those  at  the  base  of  Headon  Hill.  The 
distinctness  and  importance  of  the  purely  marine  series  exposed  at 
Whitecliff  Bay,  Colwell  Bay,  and  several  localities  in  the  New 
Forest  is  pointed  out ;  and  it  is  sho^vn  that,  among  the  200  forms  of 
MoUusca  which  they  contain,  only  one-fifth  are  found  in  the  Barton 
Clay  below.  For  this  important  division  of  the  strata  the  name  of 
the  Brockenhurst  Series  is  proposed. 

In  oonsequence  of  the  detection  of  an  error  in  the  accepted  order 
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of  succession  of  the  strata,  a  rectification  of  the  classification  of  the 
fluYio-marine  series  is  rendered  necessary,  and  it  is  proposed  to 
divide  them  as  follows : — 

1.  The  Hempstead  Series  (marine  and  estaarine),  100  feet. 

2.  The  Bembridge  Group  (estoarine),  300  feet 

3.  The  Brockenhurst  Series  (marine),  25  to  100  feet 

4.  The  Headon  Group  (estuarine),  400  feet. 

By  this  new  grouping  the  strata  of  the  Hampshire  Basin  are 
brought  into  exact  correlation  with  those-  of  France,  Belgium,  North 
Germany,  and  Switzerland ;  and  the  whole  series  of  fluvio-marine 
beds  in  the  Isle  of  Wight,  which  are  shown  to  have  a  thickness  of 
between  800  and  900  feet,  are  proved  to  be  the  representatives  of 
the  Lower  and  Middle  Oligocene  of  those  countries.  The  use  of  the 
term  Oligocene  in  this  country  is  advocated  on  the  ground  that  by 
its  adoption  only  can  we  avoid  the  inconvenient  course  of  dividing 
the  fluvio-marine  series  between  the  £ocene  and  the  Miocene. 


coi^KrEsi^oisrnDEisrcE. 


PETROLOGICAL  NOMENCLATUHE. 

Sir, — In  a  paper  on  the  Rocks  of  Brazil  Wood  (Gkol.  Mag.  1879, 
Decade  11.  Vol.  VI.  p.  481), I  described  the  so-called pecii/iar  gneiss,  and 
considering  that  it  had  been  wrongly  named,  I  called  it  a  micaceous 
schist.  As  I  strongly  object  to  changes  of  names  without  sufficient 
reason,  I  wish  to  add  a  few  words  on  the  subject,  more  especially  as 
it  appears  from  a  letter  (see  Geol.  Mag.  Jan.  1880,  p.  47)  that  Prof. 
Bonney  is  not  persuaded  that  I  have  improved  matters  by  the  change 
just  mentioned.  After  carefully  reviewing  what  I  said  on  the  sub- 
ject, I  venture  to  think  that  I  rather  understated  my  case,  and  that 
the  ob3ections  to  the  old  name  are  really  fatal  to  its  retention.  The 
fact  is,  that  the  rock  in  question  has  neither  the  chemical  composi- 
tion, mineral  constitution,  internal  structure,  nor  even  the  external 
appearance  of  gneiss — a  rather  formidable  combination  of  objections. 
In  the  first  place,  a  reference  to  Hoth's  tables  of  analyses  will  show 
that  the  amount  of  silica  in  micaceous  gneiss  is,  on  an  average  of 
sixty  analyses,  quite  70-00,  whereas  the  quantity  in  the  Chamwood 
rock  is  only  o4'01.  2nd.  There  is  a  total  absence  of  felspar  from 
the  mass  of  the  rock,  although  there  is  a  little  in  the  narrow  band  at 
the  actual  junction,  but  even  this  may  belong  to  the  granite.  There 
is  also  far  less  quartz  than  I  have  seen  in  any  true  gneiss — merely  a 
few  grains  being  scattered  here  and  there  through  the  mass.  As 
regards  structure,  I  said  there  was  no  foliation,  but  that  the  rock 
was  rather  fissile  in  one  direction.  I  here  used  the  term  foliation 
in  the  sense  attached  to  it  by  Darwin,  and  which  I  think  it  ought 
always  to  retain,  namely,  a  separation  into  folia  or  layers  of  difierent 
mineral  composition.  It  will  of  course  be  admitted  that  a  rock  may 
be  more  or  less  fissile,  or  schistose,  without  being  either  a  slate,  or  a 
foliated  schist ;  in  fact,  among  the  older  rocks,  and  in  some  districts, 
such  rocks  are  of  common  occurrence,  whereas  foliated  rocks  are 
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comparatively  rare.  Now,  as  we  have  to  deal  with  rooks  having 
three  well-marked  varieties  of  texture,  we  oaght  to  have  a  correspond- 
ing number  of  terms  for  their  designation ;  and  I  do  not  see  why 
rocks  which  exhibit  such  varieties  should  not  be  described  as  slates, 
adiists,  and  foliated  schists. 

However  this  may  be,  the  term  schist  certainly  ought  not  to  imply 
or  include  foliation  (or  arrangement  of  two  or  more  minerals  in 
separate  layers),  as  there  is  no  necessary  connexion  between  the 
two  ideas.  No  doubt  a  foliated  rock  will  nearly  always  be  a  schinty 
as  it  will  split  readily,  but  there  are  plenty  of  schistose  rocks  which 
are  not  foliated* 

Now  the  texture  of  the  Brazil  Wood  rook  is  precisely  of  this 
cbaracter,  and  as  two  micas  are  its  chief  constituents,  I  ventured  to 
call  it  a  micaceous  schist;  but  not  mica-schist,  and  only  pro- 
visionally, for,  as  stated  in  my  paper,  I  regard  it  as  one  of  a  group 
of  rocks  which  have  not  yet  received  distinctive  names ;  they  are 
rocks  of  great  interest,  and  I  hope  to  have  something  more  to  say 
about  them  on  a  future  occasion.  It  appears  to  me,  therefore,  that  a 
new  name  which  is  fairly  descriptive  of  the  rock  must  be  preferable 

to  an  old  one  which  is  altogether  inappropriate.  S.  Allpobt. 

BnucnroHAM,  January  12M,  1880. 


MB.  H.  B.  WOODWAED'S  ADDEESS  TO  THE  NORWICH  GEOL.  SOO. 

Sir, — The  legend  to  the  woodcut  given  on  p.  75  of  the  February 
Number  of  the  Oeol.  Mag.  having  been  accidentally  omitted,  the 
following  explanatory  statement  is  necessary  : — 

The  lowest  bed  touched  in  the  Subwealden  Boring  is  the  Oxford 
Clay,  the  succeeding  beds  (above  the  dotted  line)  traced  northwards 
are  Corallian,  Kirameridge  Clay,  Portland  Beds,  Purbeck  Beds, 
Hastings  Beds,  Weald  Clay,  Lower  Greensand,  Gault  and  Upper 
Greensand  (together),  Chalk.  The  last  two  divisions  continue  as  far 
as  the  boring  at  Wells.  The  uppermost  beds  at  London  and 
Harwich  are  the  Eocene  ;  those  at  Diss  and  further  north  are  chiefly 
glacial  deposits.  The  lowest  bed  pcissed  through  in  the  boring  at 
Wells  is  the  Lower  Greensand,  beneath  which  the  Kimmeridge  Clay  (?) 
is  just  reached.  Below  the  dotted  line  (on  the  section)  three  divisions 
of  Palaeozoic  rocks  are  shown — the  uppermost,  distinguished  by  thick 
black  lines,  represents  the  Carboniferous  rocks;  the  middle  "dotted" 
division  represents  Devonian  rocks  and  Old  Hed  Sanilstone ;  and  the 
lower  "jointed"  division  represents  the  Silurian  rocks. 

The  Vertical  Scale  was  2000  feet  to  one  inch. 

H.  B.  Woodward. 


ECCENTEICITY  AND  GLACIAL  EPOCHS. 

Sib, — In  Mr.  HilFs  paper  on  "  Eccentricity  and  Glacial  Epochs," 
the  following  paragraph  occurs  in  reference  to  Dr.  CroU's  contention 
that  the  accumulation  of  masses  of  snow  and  ice  during  the  winter 
would  tend  to  lower  the  summer  temperature  :  "  The  First  alleged 
reason,"  Mr.  Hill  says,  ''is  the  cold  produced  by  masses  of  ice 
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and  snow.  If  this  means  that  the  snow  will  not  be  melted  easily, 
because  it  cools  the  air,  there  is  self-contradiction.  Snow  can  only 
cool  the  air  by  abstracting  heat  from  it,  and  if  snow  takes  up  the 
heat,  the  heat  is  spent  in  melting  it.  As  for  what  is  said  about  cold 
rendering  air  diathermatous,  so  much  the  better  for  the  melting.  If 
the  sun's  rays  can  readily  pass  through  the  air,  they  will  the  more 
rectdily  reach  the  snow  which  they  have  to  melt  These  paragraphs 
are  not  worthy  of  the  book." 

Has  not  Mr.  Hill  misapprehended  Dr.  Groll's  argument  ? 

It  appesLiB  to  me  to  be  of  this  kind.  Regarding  climate  as  the 
average  condition  of  the  atmosphere  in  respect  to  heat,  and  con- 
sidering the  atmosphere  as  in  the  main  warmed,  not  directly  by  the 
radiant  heat  of  the  sun,  but  by  contact  with  the  warmed  surface  of 
the  earth,  then  if  under  any  arrangement  of  circumstances  a  portion 
of  the  earth's  surface  can  remain  permanently  at  a  low  temperature, 
the  air  in  contact  with  that  portion  of  surface  (t.e.  the  climate  of  the 
region)  will  also  be  permanently  cold. 

Now  since  the  heat  that  goes  to  melt  snow  and  ice  disappears  as 
sensible  heat  and  produces  no  rise  in  temperature,  we  have  a  case  in 
point — a  permanently  cold  surface — in  regions  covered  with  snow 
and  ice  as  long  as  any  of  the  frozen  water  remains  unmelted.  The 
presence  of  accumulated  masses  of  snow  and  ice  in  any  region 
would  therefore  result  in  a  far  colder  climate  than  might  be  expected, 
taking  into  consideration  only  the  amount  of  heat  received  from  the 
sun.  For  as  long  as  the  temperature  of  the  air  is  82°  F.  or  lower, 
whatever  aqueous  vapour  falls  will  fall  as  snow,  not  as  rain  ;  there- 
fore, while  snow  and  ice  remain,  accumulation  will  probably  not 
cease,  even  during  the  summer.  Moreover,  although  the  aqueous 
vapour  coming  from  warmer  regions,  on  condensing  and  crystallizing 
into  snow,  gives  out  heat,  will  that  heat  avail  to  raise  the  general 
temperature  of  the  air  above  freezing-point  ?  Will  not  much  of  it 
be  lost  into  stellar  space  ? 

To  sum  the  matter  up,  it  is  clear  that  if  by  some  natural  process 
the  heat  received  in  polar  regions  could  be  transmuted  into  some 
other  form  of  energy,  while  that  received  in  equatorial  regions  pro- 
duced the  ordinary  heating  effects,  very  different  climatic  conditions 
would  prevail,  even  if  it  were  possible  that  the  actual  amount  of  heat 
received  in  the  two  regions  were  the  same.  In  snow-covered 
countries  the  bulk  of  the  sun's  heat  received  goes  in  the  work  of 
melting  snow  and  ice,  and  produces  therefore  no  effect  in  ameliorating 
the  climate.  B.  D.  Bobebts. 

Jan.  2l8t,  1880. 


We  regret  to  record  the  death  of  Profeesor  Baron  Ton  Seehach,  Director  of  the 
Geological  Museum,  Gottingen.  He  was  not  only  eminent  as  a  man  of  science,  but 
endearod  by  ties  of  warm  mendship  to  a  large  circle  of  friends,  who  will  deeply 
deplore  his  loss. 

Erratum.— In  Mr.  Clement  Eeid*8  paper,  "The  Glacial  Deposits  of  Cromer," 
Geol.  Mao.  Feb.  1880,  at  p.  56,  the  bracket  for  '  Lower  Glacial  *  should  not  include 
the  *  Forest  Bed.' 
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I.— Nonca  or  thk  Oocurbenck  of  Uppkb  Dbtoniak  Goniatite 

LlMBSTOME     IN     DbTONSBIBS.' 

* 

Bj  Prof.  Dr.  Fbbdinand  Boemeb,  For.  M.  Geol.  Soc.  Lond., 

ol  the  University  of  Breslaa. 

(PLATE  V.) 

ON  a  ▼isit  to  Devonshire,  in  August,  1879,  I  was  conducted 
by  my  friend,  Mr.  John  Edward  Lee,  F.G.S.,  of  Torquay,  to 
a  recently  diaoovered  locality  at  Lower  Dunscomhe,  near  Chudleigh, 
in  which  laif^e  Ooniaiites  occur  in  considerable  numbers  in  a  bed  of 
red  limestone.  On  the  slope  of  a  chain  of  hills,  not  far  from  one  of 
the  farm-hooBeB  belonging  to  Lord  Clififord,  there  is  a  ruined  quarry, 
in  which  a  Tertical  face  of  limestone  is  exposed. 

Tlie  limestone  at  the  top  of  the  quarry  is  thinly-bedded,  and  is 
partly  overlain  by  a  red  ferruginous  limestone,  which  is  separated 
from  that  beneaUi  by  a  thin  baud  of  clay.  This  thinly-bedded 
layer  is  more  or  less  filled  with  compressed  Goniatites;  the  most 
frequently-occurring  species  being  G,  intvmescenSj  Beyr.,  i-ecognized 
as  such  by  the  form  of  its  sutures.  It  attains  sometimes  to  a 
diameter  of  nine  inches. 

These  large  specimens  are  always  more  or  less  compressed,  and 
the  body-chamber  is  also  flattened.  G.  multilobatua,  Beyr.  (G.  sagit- 
larins,  G.  and  F.  Sandberger)  is  still  more  rare, — a  smooth,  discoidal, 
sharp-edged  species,  which  is  so  named  from  the  many  serrated 
lobes  of  the  closely  approaching  septa.^ 

Besides  these  Goniatites^  a  subcylindrical  Orthoceras  is  especially 
abundant  It  is  perhaps  identical  with  0.  acuariumy  Miinster,  which 
the  brothers  Sandberger  have  obtained  at  Oberscheld ;  but  it  is  too 
imperfect  to  admit  of  identification  with  certainty.  Numerous 
bivalves  are  met  with,  but  they  are  also  too  imperfectly  preserved 
to  allow  of  safe  determination,  although  one  of  them  has  the  common 
form  of  MyalitM  tenuistriata,  Sandb.,  from  the  Devonian  Limestone 
of  Oberscheld.  More  safely  determinable  is  Phacops  cryptophthaJmuSf 
Emmr.,  which  is  well  known  as  a  characteristic  Upper  Devonian 
Trilobite.  I  found  a  small,  easily-recognizable  head-shield  of  that 
species  in  the  same  rock- fragment  with  G,  intumescens.     Lastly,  Mr. 

*  Translated  firom  the  Zeitschr.  dcr   Dcutschen  geolog.   Gescllschaft,  Jahri^. 

1879. 

*  The  brothers  Sandberger  have  figured  this  species  beantifully  from  p(!rfect  ex- 
amples fonnd  at  Oberscheld,  and  have  fully  describea  it  under  the  name  of  G.  sagittariu*. 
Beyrich  only  knew  incomplete  specimens,  but  the  characteristic  form  of  tlie  lobes  and 
the  j^eneral  form  of  the  shell  were  already  correctly  given  by  him,  and  therefore  his 
name  has  the  priority. 

DBCADX   II. — ^^^'   TU.— KO.   JV.  .  \Q 
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Lee  baa  fonnd  an  inoompleie  head-shidd  of  a  fish,  whidi.  from  tbe 
■oulptoriQg  of  the  upper  Burhuoe,  is  (cerUinly  aO  Coceo9ieus,  This 
specimen  was  exhibited  at  the  Meeting  of  the  British  Association  at 
Sheffield  by  Mr.  Lee.' 

Limestone  beds  rich  in  Gomiatites  snch  as  are  here  described,  have 
hitherto  been  unknown  in  England ;  their  equivalents,  however,  exist 
on  the  Continent  in  the  red  Goniatite  limestone  of  Oberscheld  in 
Nassau,  and  of  Adorf  in  Waldeck.  Both  at  Chudleigfa,  and  also  at 
theRe  German  localities,  0.  intumeseens  is  the  most  abundant  species, 
whilst  G.  mtdtUohaitu  is  much  more  rare.  FhacopB  erypiopkihaluu 
is  also  not  uncommon  at  Oberscheld.  The  character  of  the  rock  and 
the  preservation  of  the  fossils  are  also  so  similar  that  examples  of 
G,  intumeseens  from  Chudleigh  are  hardly  to  be  differentiated  from 
those  of  Oberscheld  or  Adorf.  Without  doubt  this  thin-bedded 
limestone  of  Chudleigh,  rich  in  Goniatites,  belongs  to  the  same  geo* 
gnostic  horizon  as  the  Upper  Devonian  Gk)niatite  limestone  in  Nassau 
and  in  Waldeck.  The  conformity  in  the  development  of  the 
Devonian  series  in  England  and  Germany  is  thereby  demonstrated* 
To  Mr.  J.  E.  Lee  belongs  the  credit  of  being  the  first  to  draw 
attention  to  this  occurrence.  The  same  observer  a  few  years  since 
discovered,  near  Torquay,  a  bed  corresponding  to  the  Goniatite  marl 
of  Biidesheim  in  the  Eifel.' 

We  have  then  in  Devonshire,  and  also  on  the  Bhine,  the  horizou 
of  the  primordial  Goniatites,  without  Clymenia  or  the  "  G.  intu- 
mescens  "  stage,  developed  in  two  forms. 

As  a  whole,  then,  by  a  comparison  of  the  Devonian  slate  series  in 
Southern  Devonshire  and  Cornwall  with  that  of  the  Bhine,  we  have 
the  following  parallel  table. 

^  In  reference  to  Mr.  Lee's  specimen  of  dermal  fish-plate,  from  the  Upper  DeTo- 
nian  of  I^wer  Dunscombe,  Mr.  n.  Davies,  F.6.S.,of  toe  British  Museum,  obiH^nres, 
'< There  can  be  no  doubt  in  pronouncing  this  fossil  (PI.  V.  Fig.  3)  to  be  a  median 
dorsal  plate  of  Q>ceoiteu»,  agreeing  very  well  in  general  form  with  that  plate  in 
C.  deeipienSf  Ag.  (Table  8,  Agassiz,  *  Fishes  of  the  Old  Red  Sandstone'),  though 
probably  nearer  to  C.  oblongtu  ;  but  from  the  imperfect  state  of  its  preservation  it 
would  be  unwise  to  attempt  its  specific  determination.'* 

'  In  the  black  limestone,  with  G.  ifttumeicens,  at  Bicken,  near  Herbom,  fish-remains 
have  been  found,  which  probably  belong  to  Coecoateut,  The  limestone  at  Lower 
Dunscombe  is  probably  equivalent  to  this. 

3  See  *'  Notice  of  the  Discovery  of  Upper  Devonian  Fossils  in  the  Shales  of  Torbay,*' 
by  J.  E.  Lee,  Gbol.  Mao.  1877,  Vol.  IV.  p.  100,  Plate  V.  I  have  also  visited  tlui 
locality  under  the  guidance  of  Mr.  Lee,  and  can  testify  to  the  complete  relationship 
of  the  small  fossil  fauna  of  the  red  slaty  clays  existing  close  to  the  sea-shore  with 
those  of  Biideshcim.  [No  one,  we  are  sure,  would  be  more  annoyed  than  Dr.  Roemer 
at  the  slightest  inaccuracy  respecting  the  discoverer  of  any  bed ;  and  he  will,  we  are 
sure,  forgive  us  for  stating  that  Dr.  Harvey  B.  Holl,  in  his  paper  on  Devonshire, 
etc.  (Quarterly  Joum.  Geol.  Soc.  1868,  vol.  xxiv.  p.  413),  actually  gives  a  section  of 
this  very  bed  (without  correlating  it),  which  he  calls  the  **  Cephalopod  bed  "  ;  but  he 
places  it  unfortunately  at  Waddon  Barton,  where  several  geologists  have  searched 
lor  it  in  vain.  Mr.  Lee,  we  bi'lieve,  in  his  notice  at  Sheffield  (the  published  report 
of  his  paper  was  only  in  abstract),  referred  to  Dr.  Holl's  section,  and  thought  that 
Dr.  IIoil,  had  by  some  mischance  confounded  two  localities  within  a  mile  of  each 
other.  As  a  fossil-bearing  locality.  Lower  Dunscombe  was  hitherto  comparatively 
unknown ;  although  Mr.  H.  B.  Woodward,  in  his  recently  published  Greology  of 
England  and  Wales,  mentions  the  discovery  of  Goniatitit  intumetctnt, — ^Edit.J 
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COXPASISON  OF  THB  DbYONIAX  RoCKS  IN  SoUTH  DbTON  AND  COBNWALL 

WITH   TH08B   OF    THB    BhINB. 


Dbtonshihb  and  Cobnwall. 


5.  Grey  and  greenish  slate  with  nodolar 
limestone  near  retherwin,  Cornwall,  with 
Ciywuniaf  GoniatiUa  and  Sjnri/er  VemeuUi, 


4.  Bed  claj-slate  of  Saltern  Cove  near  Tor- 
qpaj,  Devonshire,  with  Goniatitet  retrorautf 
&.  auri$y  Baetrite9  Sehhtheimiy  Cardiola  r#- 
troBtridUOf  etc 

Bed  ironstone,  thin  conformable  limestone, 
and  nodular  limestone  of  Lower  Dnnscombe, 
hj  Chndleigh,  with  QoHtatitea  intumetemt,  O. 
mHitUodaiui,  Orthoeertu,  etc.,  Phaeop$  eryp' 
tqpkihalmut,  Goeeoaleti$f  sp.  indet. 

3.  Conipact  grey  limestone  of  Newton 
Bushel,  Torquay,  Plymouth,  with  Stringo- 
eephaiua  JBurtmi,  Uheites  gryphua;  MegaUion 
euaiUatuM;  numerous  corals. 


2.  Grey  or  yellowish  clay-slate  of  Ogwell 
House,  Torquay,  with  Calceola  sandatina ; 
Brachiopoda ;  Fenettella^  etc. 


1.  Clay-slate  of  Looe,  Cornwall,  with 
Pteraspis  ^  sp.,  Fleurodictyum  probUfnatieum^ 
OrihU  latieotta.  Clay-slate  of  Meadsfoot  Sands, 
near  Torquay,  with  Homalonotua^  sp. 


BUINBLAND  AND  WEST- 
PHALIA. 


Clymenia  limestone  in 
Nassau  (Eirschhofen,  near 
"WeilbuiTf)  and  Westphalia 
(Warstein). 


Goniatite  slate  of  Biide- 
sheim. 


Bed  nodular  limestone  of 
Oberscheld  in  Nassau,  and 
of  Adorf  in  Waldeck. 


Paffirath  limestone  (^^rm^o- 
eephalut  limestone)  by 
Paffrath,£lberfeld  Schwelm 
and  in  the  Eifel. 


Eifel  limestone. 


Coblentz  Grauwacke 
("  Spiiifer  sandstone "  of 
the  brothers  Sandberger ) 


EXPLANATION    OF    PLATE   V. 

Figs.  1  and  2. — Ooniatite*  mHltilobatuSj  Beyr.  (  =  G,  Bogittariut,  Sandb.) 
fxQ.  3. — Median  dorsal  plate  of  Coecosteits  (near  to  C.  oblongtM,  Ag.). 
All  from  the  Upper  DeTonian  Goniatite  Limestone  of  Lower  I>unscombe  near 
Chudleigh,  South  Devonshire  (all  natural  size). 

II. — On  the  Cbomeb  Cliffs, 
By  Mr.  0.  Fisheb,  M.A.,  F.G.S. 

I  HAVE  read  with  much  interest  Mr.  Beid's  paper  on  the  Glacial 
Deposits  of  Cromer.  It  is  a  valuable  contribution  towards  the 
elncidation  of  a  difficult  subject.  I  cannot,  however,  think  that  at 
present  the  mode  of  accumulation  of  glacial  deposits  is  finally 
settled.  The  old  people,  among  whom  I  count  myself,  used  to 
consider  these  heterogeneous  mixtures  to  have  been  dropped  from 
floating-ioe,  or  to  have  gone  down,  ice  and  all,  to  the  bottom  of  the 
lea,  when  so  much  of  the  ice  had  been  thawed  that  the  mineral 
matter  exceeded  one-twentieth  of  the  whole  bulk.'  Now,  however, 
many  of  the  younger  geologists,  and  especially  those  connected  with 
the  Survey,  attribute  much  moi*e  importance  to  the  action  of  great 
glaciers  or  ioe-sheets,  enveloping  not  only  whole  countries,  but  also 
filling  np  and  advancing  over  what  are  at  present  sea-beds. 
*  Ft.  comubicus.  *  Gbol.  Mao.  Vol.  V.  1868.  p.  5oO,Tio\fc. 
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I  have  thought  that  glacial  geology  in  a  mountainous  cc 
like  Scotland  or  Wales,  is  a  different  matter  from  the  like  i 
treated  in  connexion  with  obviously  marine  beds,  as  many 
beds  in  Norfolk  are  proved  to  be  by  the  fossils  they  contain, 
therefore  extremely  gratifying  to  study  a  paper  by  a  write 
like  Mr.  Clement  Beid,  has  made  the  latter  branch  of  glacial  g 
his  special  study.    For  one  is  assured  that  he  is  writing  on  w 
has  intimate  acquaintance  with.    On  that  account  he  will 
better  able  to  explain  any  difficulties  which  his  paper  sugges 
also  to  appreciate  any  clue,  which  another  observer  may  ha 
tected,  but  which  has  since  probably  been  obliterated. 

I  am  now  alluding  to  certain  cavities,  which  I  saw,  manj 
ago,  in  the  eastern  flank  of  the  curious  chalk  bluff  at  Trimmii 
I  mentioned  these  in  the  paper  that  I  read  before  the  \ 
Association  at  Norwich,  in  1868,  to  which  Mr.  Beid  has  so 
teously  referred.  And  I  am  very  pleased  that  he  thinks  I 
the  right  key  for  explaining  the  formation  of  this  bluff.  I 
these  cavities  ought  to  throw  some  light  upon  the  mode  of  ac 
lation  of  the  Boulder-clay  which  envelopes  the  bluff;  for  whei 
them,  they  had  been  apparently  exposed  to  view  by  its  re 
They  must  therefore  have  been  formed  and  filled  in  the  ii 
between  the  formation  of  the  bluff  and  its  envelopment  in  B( 
clay.  But  there  remains  the  difficulty,  that  the  glacial  d 
which  rest  on  the  top  of  the  bluff  were  evidently  lifted  uj 
with  it.  I  do  not  venture  to  explain  the  matter ;  but  1  wish  ti 
Mr.  Beid's  attention  to  it. 


a  Chalky  Clay 

h  Sand. 

e  Boalder<clay 

d  Sand. 

0  **  Laminated 

/Chalk  withe 


Fig.  1. — Eastern  fece  of  Trimmingham  Chalk  Bluff  with  caverns,  as  » 

July  8,  1868. 
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The  eastern  side  of  the  bluff  is  at  right-angles  to  the  line  of  coast. 
The  d^etohes  are  copied  from  my  note-book.  I  dug  out  all  the 
material  which  the  largest  cavity  contained,  but  found  no  organic 
remains  in  it.  As  far  as  I  recollect,  the  back  of  it  was  soon  reached, 
proving  that  it  was  not  the  section  of  a  gallery.  It  was  evident, 
from  the  horizontality  of  the  contained  deposits,  that  the  cavity  was 
filled,  and  from  its  shape  almost  certainly  formed,  after  the  chalk 
had  acquired  its  present  position.  And,  as  stated,  the  cavity  seemed 
to  have  been  exposed  to  view  by  the  removal  of  the  Boulder-clay 


a  Sea  Mod  with  roUed  and  sabangalar  pebbles,  4  in. 

on  this  rest  fragments  of  chalk  and  flint, 

and  flints  fallen  fh>m  the  roof. 
6  Laminated  calcareoos  sand  with  specks  of 

carbonaoeoas   matter.      The    material    is 

apparently  derired  firom  partially  dissolved 


chalk 


10  in. 


e  Black  carbonaoeoas  layer         2i  in. 

d  Calcareoos    sand     withoat     oarbonaceoos 

mafcier,,,       ,,,       *•■       ,.•       ,,,       .«a       «»»    i  ii. 
0  Disintegrated  chalk. 
/  Fine  sand. 
g  Disintegrated  chalk. 


Fio.  2. — Contents  of  the  largest  cavern  observed  in  Fig.  1 . 

in  which  the  bluff  was  originally  enveloped.  If  any  such  cavities 
had  at  any  former  time  existed  on  its  northern  face,  the  waste  by  the 
action  of  the  sea  must  have  long  ago  obliterated  them. 

On  the  iceberg  theory  these  cavities  are  hard  to  account  for. 
On  the  glacier  theory  I  think  still  harder.  I  should  like  to  hear 
whether  any  of  them  are  still  to  be  seen,  and  what  conclusion  can 
be  drawn  from  them.  I  confess  to  having  destroyed  the  evidence 
of  the  filling  up  of  the  one  now  described,  and  am  all  the  more 
bonnd  to  put  the  facts  on  record. 

May  I  now  be  permitted  to  offer  a  few  remarks  upon  Mr.  Eeid's 
paper? 

And  first  I  would  suggest  that  bis  Diagram  Fig.  4,  p.  64,  supposed 
"to  illustrate  the  mode  of  formation  of  the  contortions,"  would  be 
misleading  to  any  one  who  has  not  visited  the  spot.  The  diagram 
would  answer  very  well  to  represent  a  series  of  contorted  beds 
near  a  mountain  axis  of  elevation.  But  the  contortions  in  the 
Cromer  drift  are  more  devoid  of  system.  Fig.  2  gives  a  better  idea 
of  them,  because  it  has  been  drawn  from  nature.  So  also,  and  for 
the  same  reason,  does  the  diagram  I  gave  (Vol.  V.  Geol.  Mag. 
p.  650).  But  no  diagram  can  give  a  generalized  notion  of  the 
whole  effect,  because  to  do  so  it  must  assume  the  modus  operandi; 
which  is  the  very  thing  we  do  not  know. 

And  here  let  me  say  that  I  do  not  think  the  alternative  lies,  as 
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implied  b;  Mr.  Beid,  between  the  "ploughing"  action  of  ioebeiga 
and  the  assDined  "  pushing  "  action  of  a  great  glacier  or  ice-sheet. 
I  submit  tbat  many,  at  least,  of  the  appeoranoee  in  the  Cromer  cliffa 
are  better  explained  by  the  theory  I  suggested  in  my  paper  already 
referred  ta  I  tliougbt  tliat  the  oontortions,  seen  in  Uie  diff,  showed 
the  interseolion  of  its  face  with  undulations  radiating  from  centres, 
like  those  formed  on  still  water  when  its  surface  is  disturbed,  rather 
than  its  intersection  with  parallel  rolls  like  those  shown  in  Hr.  Beid'g 
diagram.  Mj  theory  was  thus  expressed  (op.  eiL  p.  649)  :  "  If  a  mass 
of  materia]  is  spread  out  equably  over  another,  both  being  in  a  plastio 
stnte,  the  surface  of  their  junction  will  be  horizontal.  But  if  a  quan- 
tity of  one  such  material  be  dropped  upon  a  limited  space  of  the  other, 
it  will  sink  down  into  it,  and  the  depth  to  which  it  sinks  into  it  will 
depend  upon  the  quantity  which  falls.  The  material  of  the  lower  stra- 
tum, which  is  squeezed  aside  by  the  intrusion,  will  be  driven  into  folds 
all  aronnd  the  area  invaded  by  the  foreign  mass.  This  will,  I  believe, 
explain  many  of  the  anomalies  of  what  has  been  called  the  contorted 
drift.  Wherever  considerable  contortione  oconr,  they  will  be  found  to 
be  connected  with  the  dropping  of  a  mass  of  sand,  gravel,  or  chalk, 
or  of  some  matter  differing  fi«m  the  stratified  clay  which  is 
thrown  into  oontortions  by  it.  When  the  mass  is  very  large,  it  some- 
times has  sunk  down  thraugb,  not  only  the  npper,  but  also,  the 
lower  part  of  the  Lower  Boulder-clay  "  (Ist  Till) ;  "  and  in  one  case 
I  noticed  that  it  had  deranged  the  horizontality  of  the  laminated" 
(Preglacial)  "beds  beneath."  This  case  is  illustrated  by  the  diagram 
already  referred  to  as  well  as  by  those  given  below.  Suppose  a  boat 
load  of  sand  and  gravel  dropped  upon  the  muddy  bottom  of  a  pond : 
that  would  be  an  illusttation  of  what  I  mean  My  supposition 
would  explain  the  upper  part  of  the  drift  being  sometimes  leas  con- 
torted than  the  lower  (as  marked  by  Mr  Reid),  because  nearly  level 
sheets  might  be  subsequently  spread  over  sunken  masses 


Fio,  3. — Aignillcs,  deriTed  trom  a  maM  of  nearly  Tertical  beda  of  abingle,  denuded 

out  of  the  face  of  the  cliff  of  glacial  sandy  clay  ("  coutorted  drift ")  innhich 

it  vaa  once  enveloped  ;  aa  aeen  from  the  beach  beneath.    Seu  Sherringhani, 

Mny.  18M. 

With   regard  to  the  "Chalky  Boulder-clay,"  I  confess  that  I 

supposed  that  the   "Chalky  Boulder-olay,"   or    third   division  of 
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Hessn.  Wood  and  Bome's  Beries,  did  not  occur  in  the  Cromer  olifiB. 
Id  fkct,  I  thougbt  that  there  was  scarcely  any  of  this  deposit  in 
Norfolk,  exoept  where  it  borders  upon  Suffolk,  Perhapa  I  waa 
wrong.  Sat  if  Mr.  Beid  means  by  this  term  that  same  clay,  whioh 
titends  far  inland,  even  to  the  west  of  this  place,  near  Cambridge ; 
then  I  think  that  his  explanation  of  its  origin  ought  to  cover  the 
vhole  case.  Are  we  to  understand  that  an  ioe-aheet,  descending 
bom  the  higher  grounds  of  Lincolnshire,  and  from  the  ohalk  range 


■  Cbalk  with  'ru'  of  gr^  ind 

Itric*  fllnti. 
t  LudIsMmI  ud;  clar,  ptobablf 


Fic.  4.— Side  view  of  the  same  mass,  represented  ia  Fig.  3,  as  »een  from  the  west, 
ilirep  jL'HTs  later,  when  it  hod  been  couBiderably  reduced  in  volume,  nod  tJie 
tiruciure  rendered  more  apparent, 

frtnerally,  flowed  towards  where  ia  now  the  German  Ocean,  and 
lirought  with  it  as  a  ground  moraine  this  great  mass  of  material ; 
)>'iiile  another  still  mightier  ice-sheet,  coming  from  Scandinavia,  met 
11, and  prevailing  against  it  along  tlie  coast  of  Norfolk,  rode  over  the 
JTCsent  coast-line,  carrying  beceath  it  masses  of  chalk  derived  from 
"here  is  now  the  sea-bottom,  and  depositing  them  amidst  the  drift 
it  was  contorting :  so  that  the  chalky  material  of  the  Bouldor-clay 
in  liie  cliff  has  come  from  the  east,  while  that  of  the  inland  mass  has 
eonremporaneously  oome  from  the  west?  Whither  did  these  two 
great  ice-flows  send  their  mingled  streams?  Was  there  any  water 
ihen  in  the  German  Ocean,  or  was  it  all  ice  ?  And  lastly,  is  the 
'■glacial  submergence "  theory  abandoned?  For  it  apjiears  to  me 
that  land-ice  near  the  aea-level  and  submergence  are  incompatible, 
wd  deepened  seas  and  seas  filled  with  ice  equally  so. 

I  ask  all  these  qaeslions  in  good  faith.  I  possibly  ought  to  know 
what  the  answer  to  them  will  be.  But  I  do  not ;  and  some  other 
otoiir  craft  may  be  as  ignorant  as  myself,  and  be  glad  to  read  the 
Kplies.  We  none  of  us,  I  am  sure,  know  all  we  could  wish  about 
JM  Glacial  Period,  its  causes,  and  its  effects;  and  discussion  may 
w  of  service. 
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III. — Notes  on  the  Vebtkbrata  of  the  Pbe-Glactal  Fobest  Bed 

Se&iks  of  the  East  of  Emolamd.^ 

By  E.  T.  Xbwton,  F.G.8., 
of   U.  M.    Geolog^ical    Surrey. 

PART  I.— CARNIVORA, 

FB  the  pnrposee  of  a  memoir,  about  to  be  published  by  n.M. 
Geological  Survey  of  England,  on  the  Geology  of  parts  of 
Norfolk,  I  have  been  for  some  time  past  engaged  in  a  critical 
examination  and  revision  of  such  lists  of  the  so-ctdled  '*  Pre-Glacial 
Forest  Bed"  Vertebrata,  as  have  appeared  from  time  to  time  in 
various  publications.'  And  it  is  intended  to  publish  the  results  of 
this  work  in  detail,  when  figures  of  the  more  important  specimens 
will  be  given,  together  with  particulars  of  the  reasons  for  the 
alterations  and  additions  which  it  is  deemed  neoessaiy  to  make. 
It  seemed  desirable,  however,  as  some  time  must  elapse  before  the 
entire  work  can  be  accomplished,  to  publish,  as  occasion  serves, 
short  notes  of  some  of  the  changes  about  to  be  made ;  and  it  is 
hoped  that  these  notes  will  not  be  without  interest  to  the  readers  of 
this  Magazine. 

The  present  communication  will  be  limited  to  the  consideration 
of  the  Camivora  which  have  been  obtained  from  the  "  Forest  Bed 
Series.''  The  genera  and  species  of  this  group,  which  have  been 
recorded  by  writers  as  occurring  in  this  series  of  deposits,  are  given 
in  the  following  list,  but  it  would  only  be  tedious  to  enumerate 
here  the  sources  from  which  the  list  has  been  compiled. 

Carnivoba  which  have  been  becorded  as  occurrixo  in  the  ^  Forest  Bfd 
Series."     (See  also  corrected  list  at  conclusion  of  this  communication.) 


Cams  Iupu8. 

Ursu$  apelaus. 

vulpea 

—  arvtrnensia. 

Jfyana  tpelcea. 

etrtueus. 

Maehairodus  latidens. 

aretos. 

Lutra. 

prisetu  (Falconer  MS.) 

Trieheehus  rosmarut. 

Canis  lupus  and  C,  vulpes  appear  each  to  be  represented  by  one 
specimen  only,  the  former  by  a  portion  of  a  humerus,  and  the 
latter  by  a  part  of  a  lower  jaw.  There  is  some  doubt  as  to  both 
these  species.  The  portion  of  humerus,  now  in  the  Museum  of 
Practical  Geology,  forms  part  of  the  King  Collection  of  "  Forest 
Bed  "  mammals,  but  the  locality  from  which  it  was  obtained  is  not 
known,  and  consequently  its  horizon  is  uncertain.  It  is  quite 
possible  that  this  specimen  may  have  belonged  to  a  Wolf;  but  it 
might  equally  well  be  referred  to  Dog.  The  piece  of  a  lower  jaw, 
in   the   Green   Collection,   at    the    British    Museum,   No.    18,236, 

*  Published  by  permission  of  the  Director-General. 

'  As  it  is  most  aesirable  in  such  work  as  this  that  all  available  material  should  be 
examined,  the  writer  would  esteem  it  a  favour  if  any  one,  possessing  epecimens  of 
Vertebrata  from  the  *'  Forest  Bed,"  or  knowing  of  the  existence  of  such  specimens 
in  any  private  collections,  would  commimicate  with  him  at  the  Museum  of  i^ractical 
Geology,  Jermyn  Street,  S.W. 
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which  seems  to  be  the  only  **  Forest  Bed  "  specimen  which  ooald 
be  referred  to  C.  vulpes,  might  possibly  have  belonged  to  a  small 
Bog.  However,  it  seemed  better  not  to  remove  these  names  from 
the  list,  but  to  indicate  their  doubtful  character  by  a  note  of  in- 
terrogation placed  after  the  species. 

Hyana  spelaa  is  mentioned  by  Mr.  A.  Bell  ((}eol.  Assoc.  1871)  as 
occurring  in  the  **  Forest  Bed " ;  but  as  I  cannot  get  the  slightest 
cine  to  any  specimen  from  this  horizon  which  might  be  referred  to 
this  genus,  it  becomes  necessary  to  omit  the  name  from  the  list 

Miiehairodus  sp. — ^There  is  no  doubt  that  the  tooth  from  the 
"  Forest  Bed  "  described^  Prof.  Lankeeter  (see  Gsol.  Mag.  1869, 
Vol.  YL  p.  440,  PL  XVI.)  was  correctly  referred  by  him  to  the 
genus  Maehairodua;  but  I  cannot  quite  agree  with  those  authors 
who  have  thought  fit  to  place  it  in  their  lists  as  M,  latidens.  This 
tooth  when  perfect  must  have  been  much  more  elongated  than  the 
specimen  from  "  Kent's  Hole,"  figured  by  Prof.  Owen  (Brit  Foss. 
Mamm.  p.  180,  fig.  69);  and  although  it  approaches  more  nearly 
in  this  respect  to  some  other  specimens  from  the  same  place,  it 
seems  to  me  to  resemble  more. closely  the  continental  species  JIT. 
cvitridens.  I  hesitate,  however,  on  such  slender  evidence,  to  refer 
the  specimen  to  either  species. 

Ur$u8, — No  less  than  four  species  of  Bears  have  been  recorded  as 
occurring  in  the  "  Forest  Bed,"  and,  if  we  include  Dr.  Falconer's 
MS.  of  Urstu  priseuSy  there  would  be  five  species.  This  multiplicity 
of  names  has  arisen,  not  from  the  number  of  different  species  which 
have  been  found,  but  from  the  fact  that  authors  have  not  been  agreed 
as  to  the  species  to  which  the  specimens  should  be  referred ;  and 
others  af^n,  in  compiling  lists,  have  accepted  all  the  names  without 
eliminating  those  which  were  merely  synonyms.  This  confusion 
has  partly  arisen  from  the  fact  that  with  one  or  two  notable  excep- 
tions, the  lists  of  ** Forest  Bed"  mammals  have  been  published 
without  any  clue  to  the  specimens  upon  which  the  specific  deter- 
minations rested.  After  a  careful  examination  of  all  the  Bear- remains 
from  the  "  Forest  Bed,"  of  the  existence  of  which  I  have  been 
ahle  to  obtain  any  information,  I  am  led  to  the  conclusion  that  they 
indicate  only  two  species:  the  majority  and  the  best-preserved 
among  them  being  clearly  referable  to  Ursus  apelceua;  while  one 
maxilla,  on  account  of  the  size  of  its  teeth,  evidently  belonged  to  a 
second  species,  and  is  referred  with  some  doubt  to  U.  ferox-fossilis, 
Busk  (=zfo88ili8,  (Joldf ).  I  have  hitherto  been  unable  to  find  in 
•ny  collection  a  specimen  which  could  be  referred  to  Uraus  arvem- 
ema.  This  will  be  as  much  a  matter  of  surprise  to  other 
palaeontologists  as  it  has  been  to  myself.  Prof.  Busk  has  most  kindly 
examined  all  the  specimens  with  me  (that  is,  all  of  which  I  have 
any  knowledge),  and  permits  me  to  say,  that  he  agrees  with  the 
above  determinations,  and  that  neither  of  these  specimens  can  be 
referred  to  U.  arvememis.  However,  Prof.  Busk  was  under  the 
impression  that  the  latter  species  had  been  obtained  from  the 
"Forest  Bed,"  and  that  there  was  a  specimen  in  the  Norwich 
Museum.     Mr.  J.  Qunn,  F.G.S.,  of  Norwich,  assures  me  tha.t\i!&  Vi!^Tic> 
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knowledge  of  any  siicb  tpeoimen,  and  he  further  says,  that  the 
lower  jaw  in  the  Norwich  Museum  (Miss  Gumey's  OoUeotion)  was 
referred  hy  M.  Lartet  to  27.  arvemeMiB,  Prof.  Busk  agrees  with 
me  that  this  specimen  can  only  be  referred  to  TJ,  spelaua.  This 
determination  of  M.  Lartet*s  may  possibly  have  caused  the  name  to 
be  put  in  the  lists ;  but  as  no  description  of  a  specimen  of  Urm 
arvemensis  from  the  *' Forest  Bed"  appears  ever  to  have  been 
published,  it  becomes  necessary  to  expunge  the  name  from  our 
lists,  until  more  definite  evidence  can  be  obtained. 

Trtcheehus  rosmarua. — A  portion  of  a  tusk,  from  the  '' Forest 
Bed "  near  Cromer,  closely  resembling  that  of  the  recent  Walrus, 
has  caused  this  name  to  be  inserted  in  the  lists.  It  appears  to 
have  been  more  rapidly  tapering  and  more  compressed  than  is 
the  case  in  Triehechua  rosmarus,  and  more  closely  resembles  some  of 
the  Bed  Crag  forms,  called  by  Prof.  Lankester  Triehechodon  Huxleyi. 
I  am  unable  to  agree  with  Prof,  van  Beneden,  that  the  Bed  Crag 
tusks  should  be  referred  to  the  genus  Alachtherium,  and  seeing  no 
real  difference  between  the  ''  Forest  Bed  "  tusk  and  those  from  the 
Bed  Crag,  I  refer  it  to  the  same  species,  Triehechodon  Huxleyi. 

Certain  forms  have  now  to  be  mentioned  which  have  not  hitherto 
been  recorded  as  occurring  in  the  "  Forest  Bed." 

There  is  in  the  King  Collection,  at  the  Museum  of  Practical 
Geology,  the  lower  end  of  a  fibula  which  has  been  regarded  as 
ursine,  but  upon  close  comparison  it  is  found  to  agree  much  more 
closely,  both  in  size  and  form,  with  the  same  bone  in  the  larger 
FeltdcB,  than  it  does  with  any  bear's  fibula  with  which  I  have  been 
able  to  compare  it  It  is  quite  possible  that  this  bone  may  have 
belonged  to  Machatrodus ;  but,  be  that  as  it  may,  it  must  be  taken 
as  further  evidence  of  the  occurrence  of  the  family  of  the  Felida&  in 
the  "  Forest  Bed." 

Prof.  Flower  has  recently  had  sent  to  him  from  the  same  horizon, 
near  Pakefield,  a  portion  of  a  humerus,  which,  on  account  of  its 
having  possessed  a  supra-condylar  foramen,  and  having  the  upper 
part  much  compressed  laterally,  and  because  of  its  resemblance 
to  the  humeri  of  some  of  the  larger  FelidcB,  he  believes  to 
have  belonged  to  a  representative  of  that  family.  The  specimen  is 
of  especial  interest  on  account  of  its  having  been  found  in  st/tl, 
and  it  is  hoped  that  Prof.  Flower  will  shortly  publish  a  descrip- 
tion of  it.  In  the  meanwhile  it  may  be  regarded  as  most  important 
additional  evidence  of  the  occurrence  of  the  FeltdcB  in  the  ''Forest  Bed." 

Quite  recently,  my  colleague,  Mr.  Clement  Beid,  has  obtained 
from  the  lacustrine  deposit  at  West  Bunton  a  portion  of  a  lower  jaw 
of  a  small  carnivore,  with  the  large  camassial  tooth  in  place.  This 
specimen  agrees  so  precisely  in  size  and  form  with  the  same  parts  in 
the  recent  Maries  sylvatica,  Nilss.  (=  Mtutela  Martes,  vide  Alston, 
Proc.  Zool.  Soc.  1879,  p.  468),  that  there  can  be  no  doubt  as  to  their 
specific  identity.  This  is  the  specimen  which  was  by  mistake  called 
Ltitra  in  Miller's  and  Skertchley's  "  Fenland,"  p.  606. 

The  same  gentleman  has  likewise  obtained  from  the  so-called 
'*  Wey  bourn  Beds  "  at  Bunton  a  small  bone  which  I  believed  to  be  the 
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ndios  of  a  small  Seal.  I  was  enabled  to  compare  this  specimen  with 
&e  akoletons  of  some  yoang  Seals  in  the  Boyal  CJollege  of  Surgeons, 
flirough  the  kindness  of  Prof.  Flower,  who,  I  believe,  agrees  with 
me,  that  although  it  would  be  very  hazardous  to  give  any  specific 
name  to  this  specimen,  jret  there  can  be  no  question  as  to  its  belong- 
mg  to  the  genus  Fhoca,  Mr.  A.  Savin,  of  Cromer,  possesses  a 
small  canine  (?)  tooth  from  the  ''Black  Bed**  at  West  fiunton,  which 
there  is  little  doubt  belongs  to  the  same  genus. 

Since  the  above  has  been  in  type,  Mr.  B.  Fitch,  of  Norwich,  has 
kindly  forwarded  to  me  a  portion  of  a  lower  jaw  with  teeth,  lately 
obtained  from  the  ''  Forest  Bed "  of  Mundesley,  which,  so  far  as 
preserved,  agrees  precisely  in  form  with  the  same  parts  in  the 
Glutton.  I  am  enabled  therefore  before  going  to  press  to  insert 
(Mo  luscus,  as  a  "  Forest  Bed  "  species. 

If  the  above  emendations  and  additions  prove  to  be  correct,  then 
the  Camivora  at  present  known  from  the  Pre-Glacial  "  Forest  Bed 
Series "  of  the  East  of  England  are  as  follows  (those  marked  with 
an  asterisk  are  new  to  the  '*  Forest  Bed  ") : — 


Ognis  lupus  ?  Linn. 

vuipM  ?  Lina. 

Maehairodut  sp. 
Feiid4B  (?  genus). 
*Mart0M  s^ivatieoy  NiLu. 


*Ouio  luteut,  Linn. 

Ursus  spektusy  Blum. 

ferox-fossilis  ?  Busk. 

Triehechodon  Huxleyi^  Lank. 
*Fhoeay  sp. 


IV. — On  thbj  Pke-Cambbian  Books  of  West  and  Central 

Boss-shirk. 

By  Hensy  Hicks,  M.D.,  F.G.S. 

"With    Petbolooioal    Notes. 

By  T.  Davies,  F.G.S.,  of  the  British  Museum. 

Part  IL 
Loch  Maree  and  Qlen  Laggan  (or  Logan), 

LOCH  Maree  runs  roughly  parallel  with  the  strike  of  the  beds  of 
the  Pre-Gambrian  rocks,  consequently  there  is  no  great  thickness 
of  these  rocks  exposed  along  its  shores,  and  we  do  not  find  the  same 
variability  in  their  character,  as  in  the  area  previously  described. 
Along  the  S.W.  shores  the  gneisses  described  in  Notes  4  and  6  are 
most  frequently  met  with,  especially  towards  the  western  end  ;  but 
about  the  Lioch  Maree  Hotel,  and  eastward  of  this  point,  the  gneisses 
deBcribed  in  Notes  7  and  8  are  the  prevailing  types. 

[Note  7. — ^Macroscopically  appears  to  consist  of  a  fine-grained 
admixture  of  felspar  and  quartz  in  bands  with  mica.  The  foliation 
in  this  case  is  not  so  distinctly  dependent  upon  the  mica,  but  is 
largely  contributed  to  by  the  quartzo-felspathic  bands.  A  thin 
eection  shows  that  the  quartz  in  this  rock  is  eminently  crystalline, 
and  forms  continuous  bands,  which  inclose  the  individual  crystals  or 
groups  of  felspar.  It  is  exceedingly  free  from  the  microscopic 
cavities.  It  appears  frequently  as  a  rounded  crystal  inclusion  in  the 
felspar  crystals.  The  felspar  is  reddish-grey  in  colour,  and  is  much 
altered  ;  but  from  its  peculiar  striation  and  traces  of  reticulation,  I  am 
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disposed  to  refer  it  to  the  species  microcline.  It  oocnrs  as  single 
crystals,  or  as  a  line  of  contiguous  crystals  having  an  irregular  bat 
perceptible  parallelism  with  the  quartz.  The  mica  is  much  altered, 
but  from  its  marked  diohroism  it  would  appear  to  be  biodte ;  a  little 
monochromatic  mica  (muscovite  ?)  is  also  present  The  mica  is  dis- 
tributed throughout,  and  only  here  and  there  does  it  appear  grouped 
into  thin  bands.  Sphene  is  present  here  also,  with  a  little  garnet 
and  some  magnetite. — ^T.D.] 

[Note  8. — A  close  medium-grained  rock  with  much  red  felspar, 
dark-coloured  mica,  and  a  soft  yellowish-green  substance  resembling 
some  varieties  of  ripidolite;  but  little  quartz  visible.  When  ex- 
amined in  thin  section,  a  greyish-red  felspar,  much  decomposed,  is 
found  to  constitute  the  larger  part  of  the  rock.  It  bears  the  aspect 
of  orthoclase.  Quartz  is  in  exceedingly  small  amount  in  this  rock, 
and  appears  only  as  an  occasional  occupant  of  interstices  between 
the  felspar  crystals,  or  inclosed  in  them.  The  mica,  which  is  con- 
siderably altered,  is  almost  opaque,  exhibiting  only  in  places  a  dis- 
tinct dichroism.  A  serpentinous  mineral  of  a  clear  yellowish-green 
colour,  lying  like  the  mica  in  distinct  bands,  is  abundant  From  its 
crystal  contours,  and  the  manner  in  which  it  is  associated  with  the 
felspar,  it  is  probably  a  pseudomorph  after  hornblende,  though  no 
trace  of  this  mineral  is  now  discernible.  It  is  but  faintly  doubly 
refracting,  and  exhibits  with  polarized  light  a  mosaic-coloured  ground. 
Much  of  a  black  opaque  mineral  in  minute  grains,  probably  mag- 
netite, is  distributed  through  and  around  this  mineral.  Garnet  in 
minute  crystcds  is  frequent.  Evidently  a  highly  felspathic  gneiss. 
— T.D.] 

Similar  gneisses  to  those  above  described  are  found  also  along  the 
N.E.  shores,  especially  towards  the  eastern  end.  For  some  distance, 
about  the  middle,  a  thick  band  <)f  limestone  is  traceable,  and  at 
Ben-Lair  hornblende  strata  prevail.  The  following  description  is 
given  by  Murchison  and  Geikie  *  of  the  rocks  along  this  shore : — "  On 
the  right  bank  of  Loch  Maree  this  gneiss  (older)  contains  both 
limestone  and  ironstone,  which  occur  in  bands  regularly  interstratified, 
and  which  have  the  normal  strike  of  these  ancient  beds,  as  in  the 
outer  Hebrides.  This  strike  from  N.W.  to  S.E.  is  therefore  parallel 
to  the  great  depression  occupied  by  the  water  of  Loch  Maree.  In 
no  portion  of  the  North- Western  Highlands  is  there  a  track  which 
more  completely  exhibits  the  entire  independence  of  this  Laurentian 
gneiss  of  all  those  overlying  deposits,  also  termed  gneiss,  with  which 

Prof.  Nicol  has  recently  sought  to  identify  it We  therefore 

call  special  attention  not  only  to  the  N.W.  strike  of  the  beds  of  this 
fundamental  rock,  as  contrasted  with  the  north-easterly  strike  of  the 
eastern  rocks,  but  also  to  the  marked  distinctions  in  lithological  com- 
position between  it  and  any  of  the  overlying  masses."  Again,*  "  In 
short,  between  Loch  Maree  and  the  sea-board  at  Gaerloch,  wherever 
the  fundamental  gneiss  is  uncovered  in  low  masses  beneath  the 
superjacent  masses  of  Cambrian  sandstone,  the  persistence  of  the 

^  Quart.  Joum.  Geol.  Soc.  vol.  ztH.  p.  176.  *  Ibid,  p.  178. 
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N.W.  strike  is  clearly  maintained."  The  persistency  of  a  N.W. 
Btrike  in  the  Pre-Cambrian  rocks  at  Gkierloch,  Torridon  and  Loch 
Maree  is  undoubtedly  a  fact  of  great  importance,  and  must  not  be  lost 
sight  of  in  any  examination  carried  into  the  adjoining  areas  ;  and  if 
such  a  strike  is  found  in  any  of  these  in  association  with  the 
only  other  evidence  referred  to  in  the  above  remarks,  viz.  an 
identity  in  lithological  composition,  the  evidence  of  correlation 
in  the  rocks  belonging  to  those  areaQ  must  be  considered  con- 
clasive  as  far  as  these  authors  are  concerned.  Indeed,  most 
geologists  who  have  had  much  experience  amongst  the  older 
rocks,  and  who  have  been  able  to  realize  thereby  the  prevail- 
ing influences,  physical  and  chemical,  to  which  they  have  been  sub- 
jected, cannot  fail  to  arrive  at  some  such  conclusion.  The  Pre-Cam- 
brian rocks  along  both  sides  towards  the  eastern  end  of  Loch  Maree, 
as  at  Gaerloch  and  Torridon,  are  covered  by  Cambrian  conglomerates 
(or  breccias)  and  sandstones,  derived  as  there  from  the  immediately 
underlying  rocks.  They  rest  horizontally,  or  with  a  very  slight  in- 
clination to  the  S.E.,  on  the  upturned  edges  of  the  older  rocks,  and 
fill  up  the  unevennesses  of  the  surface  frequently  recognizable  on 
the  old  Pre-Cambrian  floor.  This  floor  it  is  clear  remains  much  as 
it  was  when  the  overlying  rocks  were  deposited  upon  it,  and  its 
subsequent  elevation  must  have  been  produced  without  materially 
altering  the  configuration  of  its  surface.  It  has  of  course  been  fractured 
at  many  points,  and  consequently  dragged  down  with  it  at  these 
places  the  overlying  rocks.  In  its  then  crystalline  (metamorphosed) 
state  it  could  not  bend  nor  yield  in  any  other  way  than  by  fracturing, 
and  it  behoves  us  not  to  forget  this  in  our  inquiries,  for  it 
offers  the  clue  by  which  we  may  judge  as  to  what  physical  changes 
these  rocks  could  possibly  have  been  subjected  to  since.*  The  floor 
and  the  overlying  rocks  are  dropped  to  a  lower  horizon  on  the  south 
side  of  the  lake  than  on  the  north,  by  the  fault  which  runs  through 
and  parallel  with  the  lake.  This  fault,  however,  is  a  mere  down- 
throw to  the  S.W.,  and  has  not  in  any  way  interfered  with  the  strike 
either  of  the  lower  or  with  that  of  the  overlying  beds.  Indeed,  all 
their  distinctive  characters,  and  their  relations  to  one  another,  are 
eiactly  the  same  on  both  sides  of  the  fault.  I  call  especial  attention 
to  this  fact  (it  is  referred  to  also  by  Murchison  and  Geikie)^;  for  the 
interpretation  here  of  the  effect  produced  by  this  fault  does  not 
commend  itself  to  some  when  applied  to  one  part  (Glen  Docherty) 
along  its  course,  where  the  results  and  the  appearances  generally 
seem  to  be  identical  with  those  observed  here  and  throughout  at 
many  other  points. 

There  are  some  apparently  who  would  rather  believe  in  the 
possibility  of  twisting  a  large  portion  of  the  old  metamorphosed 
floor,  with  its  superincumbent  weight,  at  right-angles  for  several 
miles  to  that  from  which   it  has  been  detached,    without  greatly 

*  Rather  too  much  of  the  floor  is  left  uncovered  in  the  map  to  the  north  of  Ben 
Urie.     The  exposures  are  chiefly  here  along  lines  of  valleys  and  the  borders  of 

'  Quart.  JToonu  Gcol.  Soc.  vol.  zvii.  p.  190. 
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disturbing  the  strike  of  the  overlying  rocks,  than  accept  so  simple 
an  interpretation.  These  are,  however,  matched  in  their  dream  of 
possibilities  by  those  who  have  suggested  that  the  overlying  rocks 
have,  by  some  process  of  twisting,  or  sliding,  been  made  to  reappear 
below  in  the  character  of  the  old  rocks,  with  a  strike  there  at 
right-angles  to  themselves,  and  a  nearly  vertical  dip,  and  this  for  a 
distance  of  several  miles.  Possibly  the  very  palpable  difference 
between  a  conglomerate  and  the  underlying  rocks  may  have  prevented 
any  such  idea  being  entertained  in  the  more  immediate  neighbour- 
hood of  Loch  Maree.  Otherwise,  had  the  overlying  rocks  been  made 
up  of  finer  materials,  and  yet  derived  from  the  same  sources — 
detrital  from  gneisses,  granitic  and  felspathic  rocks,  and  hornblende 
and  mica-schists — ^the  case  might  have  been  different,  and  by  some 
powerful  stretch  of  the  imagination  such  a  result  might  even  here 
have  been  thought  possible.  That  some  of  the  overlying  rocks  do 
occasionally  simulate  those  from  which  they  have  been  derived  is 
well  known,  and  the  following  remarks  on  the  lower  beds  of  the 
conglomerate  series  by  Prof.  Niool  are  instructive  on  this  point :  ^ 
*<  Fragments  of  gneiss  and  granite  are  baked  up  in  the  mud  of 
decomposed  felspars,  mica  and  peroxide  of  iron.  The  deeper  beds 
are  frequently  purplish  brown ;  the  higher,  darker  or  bright  red. 
The  lower  portion  too  near  the  sources  of  heat  are  hardened  and 
compacted  almost  like  the  gneiss  or  granite  out  of  which  they  were 
made.  Sometimes  they  have  even  been  mistaken  for  gneiss." 
Detached  crystals  and  fragments  of  felspar,  hornblende,  garnet,  etc., 
are  also  very  commonly  present  in  the  finer  sediments,  and  the 
admixture  of  these  is  sometimes  so  complete,  that  at  first  sight  one 
may  be  led  to  think  that  the  rock  was  truly  crystalline.  This, 
however,  can  generally  only  occur  in  small  specimens,  for,  when  a 
mass  of  any  size  is  examined,  larger  fragments  with  irregular  out- 
lines are  visible,  and  the  breooiated  character  of  the  whole  is  easily 
made  out.  This  curious  crystalline  appearance  sometimes  assumed 
by  the  Cambrian  rocks  is  due  in  a  great  measure  to  the  very  slight 
amount  of  attrition  to  which  the  materials  composing  them  have 
been  subjected,  and  to  their  having  been  derived  primarily  from 
crystalline  rocks.  Bits  of  vein  quartz  and  granite,  in  addition  to 
fragments  of  the  schists,  or  of  some  of  their  ciystalline  constituents, 
compose  nearly  the  whole  of  these  Cambrian  conglomerates  and 
sandstones.  Scarcely  any  decomposition  comparatively  of  the 
various  minerals  had  by  this  time  taken  place,  and  organic 
life  had  added  but  little  to  the  sediments;  hence  the  ordinary 
results  of  decomposition,  the  muddy  and  other  deposits  found  in 
more  recent  strata,  are  here  nearly  altogether  absent  These  Lower 
Cambrian  rocks  are  followed,  on  both  shores  of  the  lake,  by 
quartzites,  usually  made  up  of  very  minute  grains.  These  rest 
unconformably  upon  the  former,  and  evidently  therefore  belong 
geologically  to  a  newer  formation  ;  whether  of  Upper  Cambrian  or 
of  early  Silurian  date  is  at  present  doubtful.  On  the  north-east  shore, 
nearly  at  the  eastern  end  of  the  lake  (Section  11.),  a  fault  is  seen 
'  The  Geology  and  Scenery  of  the  North  of  Scotland,  1866,  p.  28. 
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cutting  across,  though  yet  apparently  in  the  line  of  strike  of  the  last- 
mentioned  rocks,  dropping  them  to  a  lower  horizon  towards  the 
S.E.  The  floor  of  Pre-Camhrian  rocks,  ohserved  to  be  gradually 
sloping  from  the  west  towards  this  point,  is  further  dropped  also  by 
this  fault,  and  its  continuity  broken  by  an  intrusion  of  the  igneous 
rock  described  in  Note  9. 

[Note  9. — A  macroscopic  examination  exhibits  a  compact  felsitic 
base,  grey  to  pinkish  grey,  in  which  is  thickly  distributed  a  horn- 
blende-like mineral  in  crystalline  spots  and  patches.  When  a  thin 
section  is  examined,  it  is  found  to  consist  very  largely  of  a  dark-green 
mineral,  which  is  rendered  very  obscure  by  the  amount  of  alteration 
which  the  whole  rock  has  undergone.  It  is  very  slightly  dichroic. 
The  habit,  however,  of  a  considerable  part  of  it  is  so  like  that  of 
hypersthene  that  I  am  disposed  to  refer  it  to  that  species  for  the 
present.  The  felspar  is  entirely  decomposed,  small  spaces  and 
interstices  being  occupied  by  a  little  calcite  and  secondary  quartz. 
I  regard  this  rock  as  a  much  altei'ed  hypersthenite.  It  is  undoubtedly 
intrusive,  and  has  nothing  in  common  with  the  hornblende  gneisses. 
—T.D.] 

In  my  former  paper  this  mass  was  described  as  syenite,  Mr. 
Davies  now  calls  it  a  quartz  diorite.  Whether  this  mass  directly 
beyond  the  fault  extends  continuously  under  the  sedimentary 
rocks  to  reach  a  similar  mass  met  with  in  the  centre  of  Glen  Laggan, 
I  am  unable  to  say.  In  any  case  they  are  suflSciently  identical  in 
character  to  be  so  associated.  The  largest  exposure  in  Glen  Laggan, 
from  where  the  specimen  actually  described  was  collected,  is  seen  on 
the  sides  of  the  river  about  a  mile  and  half  from  the  entrance  to 
the  Glen  (Section  III.).  In  its  immediate  neighbourhood  the  rocks 
are  twisted  and  crushed,  and  also  altered  considerably.  In  the  line 
of  Section  II.  (which  is  taken  along  the  Kenloch  Ewe  heights, 
and  across  the  entrance  of  Glen  Laggan),  in  the  cliflF  immediately 
opposite  Kenloch  Ewe,  a  mass  of  rock  is  seen  of  a  granitic  type, 
but  whether  intrusive  into  the  newer  rocks  like  the  quartz  diorite  is 
at  present  doubtful.     It  is  described  by  Mr.  Davies  in  his  Note  10. 

[Note  10. — This  is  a  coarse  granitic  rock  in  contact  with  a  vein 
of  a  hard,  compact,  pale  yellowish-green  substance.  Microscopically 
we  find  coarsely  crystalline  orthoclase  with  plagioclase  in  nearly 
equal  propoilions,  and  quartz,  the  whole  being  pervaded  with  a 
microscopic  dust  which  is  more  conspicuous  in  the  felspars.  No 
mica  is  visible.  It  differs  from  the  gneisses  generally  in  the  more 
intimate  crystallization  of  its  minerals.  The  vein  substance  varies 
frum  crj'pto-  to  micro-crystalline,  is. doubly  refracting,  and,  judging 
from  its  resemblance  and  the  similarity  in  its  mode  of  occun'ence  to 
that  of  the  island  of  lona,  which  has  been  shown  by  analysis  to  be  a 
lime  epidote,  is  to  be  referred  to  that  species.*  It  contains  much 
angular  quartz,  probably  derived  from  the  granitic  rock,  and  is  in 
places  much  crushed,  so  as  to  resemble  a  breccia.  Smaller  v^ins  and 
patches  of  the  same  pervade  the  mass. — T.D.] 

»  Mineralogical  Notices  by  Prof.  N.  S.  Maskelyne  and  Dr.  "W.  Flight,  Journal 
ol  the  Chemiosl  Society,  Jan.  1871. 
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On  reacliing  Glen  Laggan  at  a  high  level,  on  the  west  side,  another 
exposure  of  a  somewhat  similar  rock  is  found.  Much  of  this, 
however,  puts  on  the  aspect  of  a  serpentinous  schist,  but  the  main 
mass  still  has  a  highly  gp-anitic  appearance.  It  reaches  up  to  a  height 
of  several  hundred  feet  above  the  level  of  the  river  at  this  point,  and 
may  also  be  traced  continuously  for  several  miles  in  the  face  of  the 
hill  along  this  side,  striking  apparently  in  a  N.E.  direction.  It 
afterwards  descends  into  the  low  gprouud,  towards  the  upper  end  of 
the  Glen.  1  walked  along  the  ridge  for  several  miles,  and  noticed 
its  connexion  with  the  associated  rocks  carefully.  Where  it  is 
first  met  with,  it  looks  as  if  it  had  been  sharply  cut  across 
by  a  fault,  and  there  is  an  indentation  in  the  ground  such  as 
would  lead  one  to  suspect  such  an  occurrence.  It  seems  here  to 
onderlie  the  Limestone  Series,  and  to  be  backed  by  the  quartzites 
and  the  flaggy  fucoidal  beds.  Whether  this  portion  at  the  higher 
level  is  intimately  connected  with  the  mass  described  in  Note  10, 
aud  with  another  which  runs  up  at  a  low  level  in  Glen  Laggan,  and 
exposed  in  the  river  at  the  entrance,  cannot  be  accurately  determined ; 
bat  I  believe  all  evidence  points  to  this,  and  I  have  so  indicated 
the  connexion  in  the  sections  (in  the  present  as  in  my  former  paper) . 
The  microscopical  examinations,  determined  by  Mr.  Davies,  from  a 
series  collected  at  all  points,  tend  to  the  same  conclusions.  These 
results  are  described  in  Notes  11  and  12. 

[Note  11. — A  large  grained  crystalline  association  of  quartz  and 
red  orthoclase,  the  relations  of  which  are  much  like  those  of  a 
granite,  notwithstanding  the  apparent  parallelism  of  the  quartz 
groups.  It  is  permeated  by  innumerable  thin  veins  of  a  serpentinous 
Bobstance,  which  varies  much  in  translucency,  and  only  occasionally 
shows  traces  of  a  crystalline  condition.  The  rock  weathers  to  a 
Bofb  earthy  substance  resembling  a  kaolin,  to  some  depth. — T.D.] 

[Note  12. — Eesembles  a  coarse-grained  felspathic  granite.  The 
microscope  shows  a  large  grained  crystalline  association  of  quartz 
and  a  reddish  orthoclase,  with  some  microcline.  The  quartz  is  in 
more  or  less  continuous  bands,  but  appears  to  be  frequently  broken 
up  and  disturbed  locally.  The  orthoclase  is  cloudy  through  decom- 
position. Much  limonite  as  pseudmorphs  after  small  crystals  of 
iron  pyrites  is  distributed. 

A,  Another  specimen  of  the  same  rock  mass  shows  more  decided 
granitic  charactera.  The  felspar  and  quartz  are  more  even  in  size, 
and  the  latter  is  not  so  marked  in  its  parallelism.  A  soft  greenish 
micaceous  mineral  is  evenly  distributed  through  it,  and  altogether 
this  rock  is  macroscopically  much  like  a  granite. 

B.  Another  variety  of  this  rock  is  very  coarsely  crystalline,  some 
of  the  felspar  being  very  distinctly  crystallized  rather  than  crystalline. 
The  quartz  is  bluish  and  somewhat  milky,  and  resembles  the  variety 
known  as  fatty  quartz.  The  mica  here  too,  though  apparently 
cbloritic,  shares  in  the  increase  in  the  size  of  the  constituents,  and 
though  sparse  is  generally  distributed. 

0.  Resembles  A,  in  the  relative  size  of  the  constituents,  but 
contains  much  plagioclase.     Nests  of  the  green  chloritic  mica  con- 
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stituent  here  and  there  are  suggestive  of  bands,  bat  tbese  are  not 
frequent  nor  continuous ;  and  these  are  the  only  indications  which 
are  hero  present  as  to  a  possible  tendency  to  a  gneissic  structure. 

The  micaceous  constituent  in  these  rocks  does  not  resemble  in 
any  way  the  muscovite  and  biotite  of  the  undoubted  gneisses,  nor, 
with  the  exception  of  jL,  does  it  occur  similarly  disposied.  It  is 
greeniKh,  soft,  and  talc-like,  and  is  probably  hydrated  and  bears  a 
considerable  resemblance  to  ripidolite.-^T.D.] 

Two  8|>ecial  types  may  be  described  therefore  of  these  igneous 
rockrt  as  warmnted  by  Mr.  Davies's  careful  not«s,  viz.  granitic  and 
dioritic  (called  granite  and  syenite  in  my  former  paper),  and  it 
seems  to  me  that  the  varieties  further  recognized  owe  their  pecnliar- 
ities  to  the  changes  these  have  undergone  in  their  passage  through 
other  rocks.  They  have  frequently  assimilated  portions  of  rocks 
as  they  passed  through  them,  and  locally  are  considerably  changed 
in  appearance  and  partially  in  composition  in  oonsequenoe. 

It  is  clear  from  the  following  remarks  by  Murchison  and 
Geikie  ^  that  this  changed  appearance  as  they  penetrated  the 
various  strata  was  also  frequently  recognized  by  them  : — "  In  Glen 
Cnichalie  (Glen  Laggan)  the  most  marked  rock  is  one  similar  to 
that  which  was  described  as  overlying  the  limestone  at  Loch-na-Fad, 
and  underlying  the  quartz- rock  at  the  mouth  of  the  Hassac  and  along 
the  higher  part-  of  the  valley  of  Loch  Maree.  It  is  difficult  to  give 
this  rock  any  one  specific  name,  for  like  that  in  Sutherland,  which 
we  formerly  described,  it  varies  giieatly  in  mineral  composition,  even 
within  a  few  yards.  Near  the  limestone  it  is  a  serpentine,  the  green 
mineral  then  thins  away,  and  quartz  and  felspar  take  its  place, 
while  to  these  is  occasionally  added  hornblende.  The  proportions 
of  the  ingredients  also  vary  to  a  large  extent  This  rock,  by  what- 
ever name  we  designate  it,  occupies  a  large  part  of  Glen  Cmclialie. 
Sometimes  it  lies  only  along  the  bottom  of  the  glen ;  then  it  rises 
high  on  the  one  side  and  soon  ascends  among  the  slox)es  on  the 
other.  In  some  places  it  occupies  indifferently  the  place  of  the 
limestone,  in  other  parts  that  of  the  quartz-rock  or  the  upper  flaggy 
series,  or  it  invades  the  three  zones  at  once." 

Prof.  Nicol  describes  the  intrusions  near  the  bead  of  Loch 
Maree  and  at  Glen  Laggan  as  follows:* — "A  great  mass  of 
igneous  rock,  a  fine-grained  syenite,  or  rather  diorite,  forms  the 
base  of  the  hill  (head  of  Loch  Maree),  covered  by  broken  masses 
of  <]uartzite  and  limestone.  In  the  valley  of  the  Laggan  the 
limestone  has  been  quarried  in  several  places,  dipping  to  E.  20^  S., 
but  much  altered  by  the  diorite,  which  forms  a  wide  mass,  running 
for  several  miles  along  the  valley."  The  above  remarks  might 
lead  one  to  think  there  was  but  one  recognized  type  amongst  these 
intrusions,  and  that  the  differences  recognizable  were  due  every- 
where to  accidental  circumstances.  I  noticed,  however,  at  once 
that  we  had  here  to  deal  with  at  least  two  types  of  intrusive  rocks, 
probably  entirely  independent  of  one  another,  and  of  different  age ; 

'  Qnait.  Jonrn.  Geol.  Soc.  vol.  xvii.  pp.  190  and  192. 
*  Quart.  Joanu  Geol.  Soc.  toL  xvii.  p.  103. 
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and  this  seeiAs  now  fully  borne  out  by  microscopical  examination. 
The  diorite  undoubtedly  alters  the  rocks  in  contact  with  it,  and 
most  therefore  have  been  intruded  after  the  Cambrian  and  Silurian 
lediments  bad  been  deposited.     Contact  alteration  is  less  evident,  if 
at  all  present,  near  the  granitic  mass ;  and  it  is  not  improbable  that 
this  was  intruded  like  most  of  the  granite  veins  into  the  Pre-Cam- 
brian  rocks  before  any  of  the  newer  deposits  were  formed.     I  am  the 
more  inclined  to  think  this  since  a  similar  rock  is  found  along  the 
west  coast  near  Gaerloch,  intruded  only  into  the  Pre-Cambrian  rocks, 
and  at  Loch  Torridon  fragments  are  found  in  the  Cambrian  conglo- 
merates, which  to  all  appearances  might  have  been  derived  from  such 
a  mass  as  we  have  here.     That  it  does  not  properly,  however,  belong 
to  the  trne  Pre-Cambrian  gneiss  series,^  is  evident  from  the  direc- 
tion in  which  it  runs,  here,  and  wherever  examined  further  north 
directly  across  the  strike  of  the   old   rocks.     The   normal  strike 
remaining  undisturbed  in   the   gneiss  rocks,  which  extend  along 
and  ftequently  in  contact  with  both  borders  of  the  mass.  For  example, 
the  strike  in  the  Pre-Cambrian  rocks  is  perfectly  clear  even  after 
passing  the  Hassac  Valley ;   and  it  is  found  equally  well  marked 
directly  beyond  the  Laggan  River,  and  in  the  undulating  ground 
between  that  and  the  Olen  Docherty  heights.     Now  no  series  of 
faults  would  be  likely  to  produce  changes,  so  identical  in  character 
as  these  are  found  to  be,  continuously  along  this  line  :  nor  indeed  does 
it  seem  at  all  probable  that  the  strike  would  change  so  suddenly, 
be  retained  afterwards  over  so  exceedingly  narrow  an  area  only,  and 
then  return  equally  suddenly  to  the  normal  direction.     That  the 
normal  strike  occurs  everywhere  in  the  old  floor,  where  exposed  on 
both  sides  of  the  mass,  is  undoubted,  and  the  conditions  observed 
at  the  entrance  to  the  glen  are  seen  equally  clearly  at  tlie  upper 
end — several  miles  from  this  point — the  granitic  mass  intervening 
there  as  at  the  entrance  to  sever  the  connexion  between  the  floor 
on  either  side. 

Looking  at  all  the  evidence,  in  the  three  sections,  which  T  made 
across  Glen  Laggan,  I  am  inclined  to  think  that  this  granite  mass 
belongs  to  a  Pre-Cambrian  period,  but  that  it  is  withal  of  intrusive 
origin.  If  this  is  the  case  an  easy  explanation  may  be  given  of  the 
changes  noticed  in  the  section  opposite  Kenloch  Ewe.  The  quartzitos 
lie  nearly  horizontally  where  they  first  touch  the  granitic  mass.  A 
sadden  bend  then  takes  place  as  if  they  were  dropped  by  a  fault,  and 
a  nearly  vertical  face  of  the  granitic  mass  is  presented  towards  the 
qnartzites.  This  would,  therefore,  indicate  a  faulted  junction  rather 
than  an  intrusion  into  the  newer  rocks.  Another  fault  is  met  with 
in  a  line  with  the  river,  and  beyond  this  the  old  floor  is  again 
reached.  Here  it  maintains  the  relationship  with  the  newer  rocks, 
which  was  noticed  before  the  broken  ground  opposite  Kenloch  Ewe 

*  Prof.  Bonney,  in  some  notes  which  he  has  just  published  (Quart.  Jouni.  Geol. 
Soc  Tol.  xxvi.  p.  96)  says,  *'  that  all  the  so-called  syenite  (except  some  intrusive 
drkf^J  is  simply  a  rather  granitoid  variety  of  the  ifebridean  pueiss.'*  In  this  he 
includes  the  granitic  rock  just  mentioned,  but  the  evidence  wliich  I  have  broujrht 
forward  seems  to  show  that  this  is  almost  impossible,  even  if  the  petroVogica\  e\\<\.<i\ivi^ 
itronglj  laTcnred  (which  i^  really  does  not)  such,  a  view. 
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was  reached,  being  covered  by  Cambrian  sandstone  with  the  nsoal 
S.E.  dip,  whilst  retaining  in  its  own  beds  a  strike  at  right  angles 
to  these,  with  high  contorted  dips. 

As  a  probable  explanation  of  the  frequent  oocnrrenoe  of  igneous 
rocks  along  this  line  from  N.K  to  S.W.  may  be  mentioned,  the  de- 
pression which  affected  this  line  during,  and  probably  even  before 
the  earlier  Palaeozoic  epochs.  That  the  Palseozoio  oontraotions  were 
accompanied  with  elevations  and  depressions  along  lines  more  or  less 
from  N.E.  to  S.W.  is  generally  granted  for  at  least  the  British 
areas.  Such  a  line  extending  from  here  through  the  length  of 
Eoss  and  Sutherland  is  indicated  by  the  presence  now  of  the  newer 
deposits  in  the  hollows  so  formed,  and  the  crush  seems  to  have  been 
depressed  to  a  greater  depth  and  have  suffered  more  from  the 
pressure  here  than  at  any  other,  except  in  the  parallel  line  along 
the  channel  separating  the  Hebrides  from  the  main  land. 

This  depression,  as  usual,  was  suxx)mpanied  with  many  fractures 
of  the  crust,  generally  parallel  with  it,  and  these  offered  nnmeroos 
channels  and  lines  of  weak  resistance  for  igneous  intrusions.  These 
faults  from  N.E.  to  S.W.,  combined  with  those  at  right  angles  to 
them,  comprise  the  main  systems  recognizable  in  these  areas,  and 
have  contributed  mainly  in  producing  the  physical  features.  Most 
of  the  Lochs  and  Lakes  run  in  a  direction  from  N.W.  to  S.E.,  or  in 
lines  of  fractures  along  the  strike  of  the  old  rocks.  The  wider 
and  more  regular  depressions  are,  on  the  other  hand,  in  lines  more 
or  less  across  the  strike  of  the  Pre-Cambrian  rocks.  Tarious  local 
shiftings  have  taken  place  here  and  there  also,  but  the  general 
result  is  the  same  throughout,  and  is  usually  easily  recognizable. 

The  more  visible  effect  of  all  this  upon  the  newer  rocks  has  been 
to  tilt  thepi  up  and  to  crush  them ;  but  in  addition,  on  careful  ex- 
amination, a  further  change  is  recognizable.  The  rocks  in  proximity 
to  these  intmsions  are  more  or  less  altered  (or  metamorphosed) 
from  the  combined  influence  of  contact  with  igneous  rocks  and  the 
evolution  at  the  time  of  heated  vapours.  It  has  been  generally  sup- 
posed that  the  overlying  deposits  have  been  less  altered  along  this  line 
than  the  still  newer  rocks  further  east,  and  at  a  distance  from  these 
intrusions,  and  various  theories  have  been  propounded  to  explain 
this  seeming  anomaly.  Some  supposing  that  at  these  places  there 
are  invisible  igneous  foci ;  others  that  some  process  of  selective 
metamorphism  has  taken  place.  Curiously  the  advocates  of  these 
views  seem  quite  to  have  forgotten  that  wherever  great  igneous 
masses  are  seen,  no  such  changes  are  obsei'ved  to  have  taken  plnce 
in  the  neighbouring  rocks  for  any  considerable  distance  from  the 
mass ;  selective  metamorphism  also  should  not  affect  all  the  rocks  in 
an  extensive  area  alike,  and  be  entirely  wanting  in  rocks  presu- 
mably of  like  nature,  made  up  of  identically  the  same  materials, 
derived  from  exactly  similar  sources,  in  neighbouring  areas,  which 
to  all  appearances  have  been  subjected  to  the  same  influences. 
The  evidence,  as  far  as  I  am  able  to  read  it,  goes  to  show  that  the 
most  highly  altered  of  the  newer  deposits  are  found  along  this  line 
of  depression  usually  in  contact  with  intrusive  rocks,  or  near  fractures 
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ihrongh  whioh  heated  waters  and  vapours  could  bave  escaped.  The 
rocks  east  of  this  line,  supposed  to  be  newer  than  any  found  here, 
but  to  be  far  more  highly  metamorphosed,  are  in  my  opinion  much 
older  than  any  of  these,  and  to  be  of  Pre-Cambrian  age,  as  I  shall 
endeavour  to  explain  more  fully  further  on. 

The  prolonged  movements  which  affected  the  British  areas  during, 
and  whioh  culminated  towards  the  close  of  the  Palaaozoio,  were 
apparently  less  in  degree  here,  than  in  many  other  areas,  and  the 
Palaeozoio  sediments  in  oonsequence  are  less  disturbed.  Still,  the 
unconformities  recognizable,  and  the  tilting  of  the  beds  (though  not 
usually  great  except  near  faults),  are  evidences  of  these  movements. 
These  movements,  continuous  it  may  be  said  on  a  large  scale, 
were  snbjeot  to  local  interruptions  here,  as  in  Wales  and  elsewhere, 
aud  breaks  in  the  succession  are  recognizable  in  consequence. 
One  of  these,  between  the  lower  conglomerates  and  sandstone  series 
(Lower  Can^brian),  and  the  quartz-rocks  and  limestone  series  (Lower 
Silurian),  is  most  marked.  And  I  believe  it  will  be  found  that  there 
is  another  between  the  latter  and  the  upper  flaggy  beds  (these  may 
possibly  represent  Middle  and  Upper  Silurian) .  In  the  Pre-Cambrian 
area  along  the  east  side  of  Glen  Laggan,  extending  up  to  and  dipping 
under  the  shoulder  of  the  hill,  the  prevailing  rocks  are  a  granitoid 
gneiss  and  some  dark  micaceous  biuids.  (Notes  13  and  lit.)  The 
strike  in  these  as  already  stated  is  from  N.W.  to  S.E.,  and  the  angle 
of  dip  between  7(f  and  S(f. 

[Not*  13. — ^This  rock,  although  at  first  recalling  to  mind  a 
graphic  granite,  does  not  appear  on  examination  to  belong  to  the 
graphic  rocks,  granitic  or  gneissic.  It  consists  of  quartz,  orthoclase 
and  a  plagioclase,  the  little  mica  which  it  contains  being  in  exceed- 
ingly ibin  laminsB  and  colourless.  In  thin  section  the  quartz  and 
felspar  are  seen  to  hold  the  same  relations  towards  each  other  as  in 
the  more  micaceous  gneisses.  Individual  crystals  of  felspar  are 
frequent,  these  are  plagioclase  and  microcline.  The  mica  is  mono- 
chromatic— ^T.D.J 

[Note  14. — Is  a  dark  bluish-grey,  micaceous,  foliated  rock,  very 
dose-grained.  Magnetite  in  minute  octahedrons  is  disseminated 
throughout.  A  microscopic  section  shows  very  closely  packed  folia 
of  biotite  accompanied  with  a  micro-crystalline  mineral  which  is 
also  dichroic,  but  not  to  the  same  extent  as  the  biotite.  Between 
these  folia  lie  thickly  interspersed  the  lenticular  and  banded  groups 
of  quartz.  Sphene  is  abundant,  also  magnetite,  and  a  few  garnets 
are  present. — T.D.] 

The  most  characteristic  of  the  overlying  flaggy  and  schistose  rocks, 
with  a  strike  from  N.E.  to  S.W.,  especially  those  which  appear  to 
have  been  most  highly  altered,  are  described  in  Notes  15 — 20. 

[STote  15. — A  compact,  siliceous  flaggy  rock.  Under  the  micro- 
scope shows  quartz  in  rounded  or  subangular  grains  distributed  in  a 
my  fine  granular  mass  of  the  same,  with  a  few  fragments  of  a 
plagioolase.  The  schistosity  here,  which  is  very  marked,  is  produced 
oy  the  abnndance  of  exceedingly  minute  individual  laminsa  (rarely 
groups)  of  a  monochromatic  micaceous  mineral,  the  nature  of  which. 
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the  mioroscope  fails  to  establish,  bat  it  is  probably  a  mica.  Unlike 
its  fellows  in  the  gneisses,  it  appears  to  form  a  nearly  omnipresent 
material  between  individual  quartz  grains,  and  is  not  separated  into 
distinctive  bands.    Hence  its  eminently  fissile  character. — ^T.D.I 

[Note  16. — Quartz  in  grains  separated  into  nests  and  bands  by 
very  numerous  wavy  bands  of  muscovite.  This  constituent  is  also 
frequent  as  very  minute  laminee  between  individual  grains,  as  in  No. 
15,  but  is  not  so  abundant  as  in  that  rock.  The  lamination  charac- 
terizing these  rocks  is  chiefly  mechanical,  and  differs  entirely  from 
the  banding  of  the  gneiss.  — T.D.] 

[Note  17. — An  exceedingly  compact  bluish-grey  rock,  with  dull 
fracture,  soft,  and  resembling  some  indurated  shales.  Thickly  im- 
pregnated with  exceedingly  minute  crystals  of  iron  pyrites.  It  is 
difficult  to  obtain  a  section  of  this  sufficiently  thin  for  examination 
with  the  microscope.  The  ground-mass,  grey  in  colour,  is  feebly 
translucent,  and  incloses  much  quartz  in  minute  grains. — T.D.] 

[Note  18. — ^This  rock  has  considemble  resemblance  to  No.  17,  but 
18  characterized  by  its  greater  abundance  of  angular,  subangular  and 
rounded  quartz  grains,  which  frequently  separate  out  into  lenticular 
nests.  A  little  mica  in  exceedingly  minute  ciystals  is  present  A 
schistose  structure  is  given  to  it  by  the  tendency  of  the  indefinable 
ground -mass  to  assume  the  wavy  condition  which  characterizes  the 
micaceous  constituent  of  the  schistose  quartzites. — ^T.D.] 

[Note  19. — This  appears  to  be  a  micaceous  quartzite.  It  consists 
principally  of  closely  aggregated  quartz-grains,  the  outlines  of 
which  are  distinctly  shown  between  crossed  Nicols.  There  are  two 
micas,  but  they  are  not  abundant.  The  one,  markedly  dichroic,  is 
irregularly  distributed  in  minute  crystalline  laminsa;  the  other, 
monochromatic,  is  in  wavy  continuous  bands,  breaking  intermittently 
into  lenticular  groupings.  The  rock  is  traversed  by  veins  of  quartz, 
which  is  not  distinguishable  from  that  of  the  mass,  but  it  contains 
no  mica.  A  few  fragments  of  felspar  and  rounded  garnets  are  pre- 
sent, and  also  some  crystalline  nests  of  quartz.  The  detrital 
character  of  this  rock  is  withal  most  marked. — T.D.] 

[Note  20. — The  macroscopical  and  microscopical  characters  of  this 
rock  are  the  same  with  those  of  No.  15,  with  the  exception  that  here 
the  indefinite  micaceous  mineral  is  somewhat  more  abundant — ^T.D.j 

{To  be  eoMludtd  in  our  next  Numhir.) 

V. — Note  on  the  Geoobapbical  Distbibution  of  Voloanos. 

By  Prof.  J.  Milne,  F.G.8., 
Imperial  College  of  Engineering,  Tokei,  Tedo. 

FKOM  what  we  know  about  the  cooling  of  the  earth  and  its 
geological  structure,  it  would  seem  very  probable  that*  the 
principal  features  which  we  now  see  upon  the  surface  of  our  planet, 
as,  for  instance,  the  continents  and  ocean-beds,  received  their  forms 
in  very  early  times,  being,  in  fact,  more  or  less  a  primaiy  result  of 
contraction.  Since  the  formation  of  these  impressions,  contractions 
have  continued  to  take  place,  and  secondary  results  have  come  about, 
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the  character  of  which  would  appear  in  a  great  measure  to  be 
dependent  upon  the  primary  results  by  which  they  were  preceded. 
Amongst  the  secondary  results  I  would  point  to  the  position  occupied 
by  many  volcanos. 

If  we  take  a  map  which  shows  the  distribution  of  volcanos  upon 
the  surface  of  tbe  globe,  we  shall  observe  that  the  greater  number  of 
tiiese  are  situated  in  the  vicinity  of  the  oceans,  and  of  these  the 
most  extraordinary  range  are  those  which  circumscribe  the  Pacific. 
In  the  Atlantic  and  Indian  Oceans,  if  we  except  the  group  of 
mountains  which  build  up  Iceland,  there  are  comparatively  but  few. 
This  remarkable  distribution  of  volcanic  vents  has  been  noticed  by 
many  writers,  who,  whilst  speculating  on  its  meaning,  have  offered 
theories  for  its  solution.  To  what  has  already  been  written,  I  now 
venture  to  offer  a  few  additional  notes. 

First,  we  must  observe  that  the  Pacific  Ocean,  as  compared  with 
other  oceans,  as,  for  instance,  the  Atlantic,  appears  to  be  the  deepest 
tract  of  water  which  covers  the  face  of  our  planet.^ 

This  would  seem  to  indicate  that  the  shores  of  the  Pacific  are 
steeper  than  those  of  the  Atlantic;  and  that  this  is  probably  the  case 
we  can  convince  ourselves  by  examining  the  maps  of  a  Physical 
atlas.' 

If  we  do  this,  we  shall  see  on  the  Soutb  American  coast  the  Andes; 
tome  of  the  peaks  of  which  are  more  than  20,000  feet  in  height, 
ftloping  down  beneath  a  sea  which  is  12,000  feet  in  depth. 

Along  tbe  North  American  coast  the  slope  is  not  so  great,  because 
the  Rocky  Mountains,  which  form  the  high  ground,  lie  farther  inland. 
In  the  Aleutians,  the  Euriles,  in  Karaschatka,  and  in  a  great 
portion  of  Japan,  the  slopes  are  quite  as  great  as  they  are  in  South 
America.  In  S.  America  the  slope  is  great,  because  the  mountains 
are  high ;  but  in  these  latter  districts  it  is  because  the  neighbour- 
ing sea  is  deep. 

In  Australia  there  is  a  very  gentle  slope.  For  the  purpose  of 
comparing  together  the  various  slopes  we  find  upon  the  surface  of 
the  earth,  I  have  drawn  a  large  number  of  sections  at  right  angles 
to  coast-lines,  each  representing  a  length  of  120  sea-miles,  and 
having  the  same  scales  both  vertically  and  horizontally,  one  end  of 
these  sections  representing  land  beneath  the  sea,  and  tbe  other  end 
the  land  bordering  on  the  coast  The  following  are  a  few  of  the 
dopes  which  I  obtained  upon  various  coasts. 

On  the  west  coast  of  South  America,  from  Aconcagua,  which  is 
about  24,000  feet  hieh,  down  into  the  sea,  which  is  2,000  fathoms 
in  depth,  the  slope  is  about  I  in  20*2.     In  a  S.E.  direction,  from 

*  According  to  Dr.  0.  Erummel,  the  average  depth  of  the  Pacific  is  3887  metres, 
vbiltt  the  Atiantio  is  3681  metres. 

'  If  we  consider  the  mean  heieht  of  the  land  which  bounds  the  Pacific,  and  com- 
ptte  it  with  the  mean  height  of  that  which  bounds  the  Atlantic,  we  shall  be  brought 
to  a  nmiliir  conclusion.  Some  idea  of  what  their  heights  would  be  may  be  obtained 
fnu  the  mean  heights  of  the  sereral  continents,  which  are  as  follows : — 


Booth  America        1,132  feet. 

Koith  America      •••    ••.       748  feet. 
„^    ••*     .-    >-    1,160  feet. 


Europe 670  feet. 

Africa         1,600  feet  P 

AoBtralia     ...    ...    ...       500  teet? 
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Urup,  one  of  the  Euriles.  the  slope  is  abont  1  in  22-1.  In  in 
eaaterl;  direction,  from  the  oorthem  end  of  Nipon,  the  elope  i> 
about  1  !□  SO-4.  From  tho  Sandwich  lehuida  towarda  the  1101& 
there  is  a  slope  of  1  in  23'S. 

The  general  slope  on  the  coast  of  Australia  is  abont  1  in  91,  hot 
on  the  S.E.  shores,  measured  from  the  summit  of  Mount  Koaoinsko, 
a  elope  of  1  in  57  can  be  obtained.  From  Ben  Neria,  the  120  mile 
slope,  which  will  just  reach  to  the  lOO-fatfaom  line,  is  about  1  in  168. 
From  the  summit  of  the  monntuns  of  Southern  Norway  there  is  a 
slope  of  about  1  in  73. 

In  these  few  examples  it  will  be  seen  that  the  120  mile  slope  of 
the  Toloanio  districts  is  about  twice  as  steep  as  the  slope  in  the 
districts  which  are  free  from  Toloanoa. 

Instead  of  taking  a  slope  of  120  miles,  we  might  regard  tb« 
manner  in  which  the  land  slopes  beneath  the  sea  more  generally  by 
drawing  sections  aorois  the  various  continents,  prolonging  them 
beneath  the  sea,  and  then  take  their  average  slope.  Suppose,  fiw 
instance,  we  prolong  the  section  of  Aconcagua  to  ue  east  coast,  we 
shall  find  that  whilst  on  the  west  coast  we  have  a  slope  of  about 
1  in  20,  to  the  east  coast  there  is  an  average  slope  of  1  in  243. 

Similar  differences  would  be  found  between  the  slopes  to  the 
eastern  and  western  shores  of  North  America. 

Without  attempting  to  examine  the  various  slopes  upon  the  sarfaoe 
of  the  globe  in  detail,  a  general  idea  of  them  may  be  obtained  by 
glancing  over  a  map  or  ciiart  showing  the  depths  of  the  ooean  and 
the  heights  of  the  adjoining  land. 

If  this  is  done,  it  will  be  seen  that  volcanos  are  chiefly  distributed 
along  the  bordera  of  land  which  slopes  titepl^  beneath  the  sea. 

Now  let  us  see  what  phenomena  we  might  expect  in  connexion 
with  these  slopes. 

Firat,  going  upon  the  assumption  that  although  the  world  may  in 
its  interior  be  extremely  hot,  it  is  extremely  rigid,  a  oouclusion 
which  is  arrived  at  by  Sir  William  Thomson  and  other  eminent 
mathematicians  and  physicists,  we  see  that  we  have  downward 
pressures  acting  over  the  two  ends  of  any  of  these  120  mile  lines,  of 
very  different  intensities. 


Over  the  end  which  is  beneath  the  sea  the  pressure  is  that  of  a 
column  of  water  ft,  very  much  less  than  the  pressure  of  the  larger 
oolumn  of  lOok  S,  acting  downwards  at  the  uud  end  of  the  slope 
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(Fig.  1).  If  immediately  beneath  the  crust  of  the  earth  we  imagine 
a  liquid  material  to  exist,  the  pressure  at  H  might  be  transmitted  in 
the  direotion  of  A,  and  beneath  this  latter  oolumn  we  might  expect  a 
fracture  to  take  place,  and  volcanic  material  to  be  thrown  but  Under 
conditions  like  these,  volcanos  would  be  formed  along  a  line  parallel 
to  a  coast  rather  than  on  such  coasts,  the  position  where  they  actually 
occur.  If,  however,  the  rocks  beneath  the  crust  are  solid,  as  we  have 
supposed,  this  horizontal  transmission  would  not  take  place,  and 
therefore  rather  than  along  the  line  of  weakest  pressure,  if  fracture 
oocurred  it  would  be  along  the  line  of  greatest  pressure  where  the 
giving  way  would  be  experienoed.  On  this  supposition,  the  volcanos 
would  be  found  upon  the  top  of  the  slopes  rather  than  at  the  bottom, 
and  tliis,  it  is  needless  to  remark,  is  where  the  greater  number  of 
them  actually  occur. 

If  we  regard  volcanic  vents  as  having  any  connexion  with  the 
pressures  exerted  by  the  layers  which  form  the  crust  of  the  earth, 
we  see  why  they  should  rather  be  found  at  the  upper  end  of  a  steep 
slope  than  near  its  foot.  What  I  wish  next  to  point  out  is  the  reason 
why  volcanos  are  so  often  found  at  the  upper  end  of  a  steep  slope 
which  rites  from  beneath  the  «ea. 

To  commence  with,  let  us  suppose  that  for  a  long  period,  say  for 
example  10,000  years,  the  hundred  mile  slopes  of  which  I  have 
spoken  have  had  the  same  relative  position  to  land  and  water  as  they 
have  at  present  This  is  almost  equivalent  to  saying  let  us  suppose 
that  the  Pacific  Ocean  and  the  continents  surrounding  it  to  have  had 
pretty  much  the  same  relation  to  each  other  10,000  years  ago  as  they 
have  now — a  supposition  which  I  do  not  think  will  meet  with  any 
serious  objections. 

Dana,  in  his  Geology,  p.  749,  says — "  As  planes  of  equal  tempera- 
ture within  the  earth  have  a  nearly  uniform  distance  from  the  sur- 
face, the  accumulation  of  sedimentary  beds  in  the  sinking  trough 
would  occasion,  as  Herschel  long  since  urged,  the  corresponding 
rising  of  heat  from  below,  so  that  with  40,000  feet  of  such  accumu- 
lations a  g^ven  isothermal  plane  would  have  been  raised  40,000  feet" 

The  first  portion  of  this  argument  I  think  is  hardly  just 

From  experiment  we  know  something  about  the  isothermal  surfaces 
beneath  the  land  on  which  we  live,  but  about  the  isothermal  surfaces 
in  the  land  which  lies  beneath  the  ocean  we  can  only  speculate. 

Without  entering  into  any  calculations  on  the  subject,  it  is  not  at 
all  unlikely  that,  as  in  one  case  we  have  land  cooling  beneath  an 
atmosphere  and  the  compensating  effects  of  a  sun,  whilst  in  the 
other  case  we  have  land  cooling  beneath  water,  which  from  all  we 
know  about  deep-sea  temperatures  is  usually  very  cold,  we  should 
find  any  given  isotherm  at  a  much  greater  depth  beneath  the  rocks, 
which  form  the  bed  of  an  ocean,  as  compared  with  the  depth  at  which 
we  find  it  beneath  the  rocks  which  form  the  land. 

The  consequence  of  this  would  be  that  the  ground  beneath  the  bed 
of  an  ocean  would  be  more  rigid  than  beneath  the  atmosphere,  and 
also  that  the  region  of  rock  at  a  fusing  temperature  would  be  nearer 
to  the  surfaoe  under  the  land  area  than  beneath  a  sea  ai^a. 
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la  the  oase  where  land  slopes  gently  beneath  the  sea,  aa  along  the 
eastern  ooasta  of  North  and  South  America,  the  inclination  of  any 
isotherm  would  be  gentle  and  the  decrease  in  thickness  of  the  layer 
of  surface  rook  which  covers  up  and  retains  the  more  expansive  rock 
beneatli  wonld  be  also  gentle.  In  the  oase,  however,  where  the  120 
mile  slope  beneath  the  sea  was  steep,  the  thickness  and  consequent 
strength  of  the  restraining  cover  would  rapidly  deorease  as  it  ran  up 
from  beneath  the  sea  towards  the  land. 


1.  2, — CC  ia  aa  imagiatay  aotiteiaiyil 


n  it  paasM  from  the  Und  b«ne«th  tb«  m 


These  conditions  are  shown  in  Fig.  2.  BS'  represents  sea-level, 
AA!  ttie  surface  of  the  land.  The  dotted  line  CO  an  imaginary 
isotherm.  Beneath  this  line  we  will  suppose  the  rocks  to  be  in  a 
slowly  viscouH  stat«.  Above  this  line  in  a  state  sufficiently  rigid  to 
resist  alteration  of  form.  The  load  over  the  point  C  equals  the 
weight  of  the  thick  layer  of  superinoambeut  rigid  rook  plus  the 
weiglit  of  a  column  of  water.  The  load  over  C  ia  only  equal  to  the 
weight  of  a  compai-atively  small  layer  of  rigid  rock.  The  layer  of 
solid  rock  is  something  like  the  chain  of  a  suspension  bridge  whicli 
is  heavily  loaded  in  the  middle. 

If  conditiooB  anything  like  this  exist  in  nature,  then  we  should 
expect  to  find  lines  of  fracture  and  volcanic  outbursts  along  any  line 
of  land  which  slopes  down  quickly  beneath  the  tea.  Where  the  high 
land  from  which  the  voloanos  rise  forms  a  ridge  between  two  seaa, 
as,  for  instance,  is  the  case  in  Central  America,  we  should  have  the 
chain  of  solid  material,  so  to  speak,  hanging  downwards  on  Ueo  aides, 
and  thus  it  would  be  sttained  from  two  directions.  A  similar  Tomark 
would  apply  to  chains  of  islands  like  the  Aleutians,  tlie  Ktuilee,  and 
those  which  form  Japan. 

When  considering  the  position  which  isothermal  surfaces  pro- 
bably occupy  beneath  the  surface  of  the  land,  we  must  remember  that 
whenever  we  get  a  contour  which  approximates  to  a  reentrant  angle, 
an  isothermal  surface  will  probably  come  nearer  to  the  snrfaoe  than 
it  would  at  an  upward  bend  in  the  earth's  orust  correaponding  to  a 
salient  angle.  Thus,  if  we  had  a  plain  from  which  a  range  of 
mountains  suddenly  rose  up,  we  should  expect  at  the  junction  of  the 
plain  with  the  mountains  that  an  isotherm  would  be  nearer  to  the 
surface  of  the  ground  than  it  would  be  at  the  summit  of  the  range. 
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TUBIOOLAR  AnNEUDA. 

By  B.  Ethb&idob,  Jim.,  F.6.S.,  F.B.P.S.Edin. 

{Contintiedfrom  p,  115.) 

History  of  Spirorhis  continued : — 

In  1845  Dr.  Dawson  reoorded  the  discovery,  by  himself,  of 
Bpirorbia  on  fossil  plants  from  the  Carboniferons  sandstones  of 
Tatmagouoke,  Nova  Scotia.^ 

Dr.  Bronn  appears  to  have  been  the  second  to  recognize  the  iden- 
tity of  Martin's  Coneh,  (Selieiiea)  ptiatV/tM,  with  Mnrchison's  Micro, 
caihonarimBf  in  which  he  has  been  followed  by  singularly  few  other 
writen. 

Mr*  B.^W.  Binney'  has  given  us  a  very  interesting  paper  on 
wrtain  Oarboniferous  Annelide  remains,  amongst  them  Murchison's 
MkroeofmeknB  earbonariua.  Mr.  Binney,  in  the  first  place,  refers  to 
the  liillierto  doubtful  position  occupied  by  this  form,  and  proceeds  to 
examine  the  arguments  for  and  against  its  Annelide  affinities.  He 
DoticeB  the  habit  possessed  by  it  of  burrowing,  or  making  for  itself 
a  depression  in  the  substance  of  the  plants  of  the  Carboniferous 
lyetem,  and  in  the  shells  of  various  bivalves  of  the  Coal-measures. 
Mr.  Binney  proposed  to  subdivide  Murchison's  genus  Mieroconchus 
into  Spirarbia  and  Serpfda.  Under  the  first  he  places  the  original 
IRcro.  carbonariua,  Murch.,  describing  it  as  attached  to  plants  and 
Bbells,  and  gives  a  figure ;  ^  and  another  Spirorbia,  a  large  species, 
named  S.  omphalodea  by  Portlock,  referred*  to  that  and  perhaps 
identical  with  Coneh,  (Heliciiea)  puaillua,  Martin.  The  section 
Serpula  comprises  an  uncoiled  form,  found  in  the  Coal-measures,  but 
not  attached  to  plants,  always  free.*  It  is  described  as  with  irregular 
Btries  oblique  to  the  axis,  and  is  named  Serpula  carbonariaf  Binney.' 
•  In  1853  E.  F.  Q^rniar  published^  Prof.  Goppert's  description  of  a 
Bmall,  dextral  or  sinistral,  shell -like  body  adhering  to  the  fronds  of 
Sphenopteria  acutifolia,  Brong.,  and  also  found  separately  on  pieces 
of  shale.  These  organisms,  given  under  the  name  of  Gyromicea 
mmonia,  Gopp.,  were  known  to  Continental  Palasontologists  for 
iiumy  years  as  a  Fungus  (I),  and  were  so  described  by  Goppert  and 
Germar ;  they  are  further  described  as  possessing  a  septate 
character. 

This  view  was  continued  in  1856  by  Dr.  H.  B.  Geinitz,"  who 
noticed  the  habit  possessed  by  the  so-called  Gyroviicea  ammonia  of 
barrowing  into  the  substance  of  the  plant  on  which  it  occurred,  and 
itB  many-chambered  nature. 

Both  the  foregoing  quotations  have  reference  to  the  occurrence  of 

'  Qaart.  Jonrn.  Geol.  Soc.  1845,  i.  p.  326. 

*  Hem.  Lit.  Phil.  Soc.  Manchester,  1862,  x.  p.  193. 

'  p.  196,  t.  2,  f.  3.  *  p.  196,  t.  2,  f.  4.  *  p.  196,  t.  2,  f.  2. 

'  This  must  not  be  confonn'dm  Tvith  Serpula  earbonaria,  Morris ;  Spirorbia 
^'^^^onariutf  March. ;  or  Setpulites  carbonariutf  M*Coy. 

'  Ventein.  Steinkohl.  v.  Wettin  u.  Lbbejiin.  1863,  heft  8,  p.  29  (in). 
.  *  Tentein.  Steinkohlenformation  t.  Sachsen,  1866,  p.  3. 
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G,  ammonia  iu  Carboniferous  rocks,  but  aooording  to  the  last-named 
authority  it  also  passes  to  the  Permian.^  Dr.  Qeinitz  figures  it  both 
dextral  and  sinistral  on  the  fronds  of  CordaiUs  oUaniaf  and  it  is  stated 
to  occur  both  on  and  in  the  substance  of  the  fern,  and  to  be  manj- 
chambered ;  it  is  still  called  a  Fungus.  A  point  of  some  importance, 
bearing  on  its  identity,  lies  in  the  fact  that  it  is  quoted  by  the  author 
as  occurring  in  Ireland. 

In  1861  the  late  Mr.  J.  W.  Salter  gave  an  exceedingly  good 
figure'  of  one  variety  of  Spirorhia  earhonarius,  Murch.,  from  the 
Coal-measures  of  South  Wales,  where  it  appears  to  be  oommon,  in 
certain  strata.  The  variety  figured  is  that  with  the  prolongation 
forwards  of  the  tube. 

Dr.  Dawson,  in  a  paper  "On  the  Coal-measures  of  the  Sooth 
Joggings,"  stated  that  the  Nova  Sootian  Spirorbi$,  first  noticed 
by  him  in  1845,  closely  resembled  the  Microeonchug  earbonariui 
of  the  British  Coal-fields.' 

In  the  same  year  Mr.  Salter  also  definitely  made  known  ^  the 
occurrence  of  Mteroconchua  earbonarina  in  Scotch  Carboniferous  beds, 
although  Hibbert's  investigations  had  tolerably  well  established  this 
point.  Mr.  Salter  gave  the  Lower  Carboniferous  beds  of  the  Club- 
biedean  Eeservoir,  near  Edinburgh,  as  the  locality  and  horizon  of  iC 
earhonarius. 

So  far  as  I  am  aware,  the  Chevalier  d'Eichwald*  has  been  the 
only  writer,  with  the  exception  of,  as  before  mentioned.  Prof.  Morris 
and  Dr.  Bronn,  to  call  attention  to  the  identity  of  Hiero,  earbonariui, 
Murch.,  with  tiie  earlier  Conck,  {Helidtes)  pttBillua,  Martin. 

In  a  review  of  the  occurrence  of  Funginem  in  Carboniferous  rocks, 
Mr.  Leo  Lesquerenx  took  occasion  to  refer  to  the  Oyromicea  ammonii, 
G5pp.,  which  he  found  in  the  shales  over  the  coal  at  Colchester, 
Illinois,  and  elsewhere,  attached  both  to  the  remains  of  plants  and 
singly  in  the  matrix.  He  described  the  chief  features  of  the  tube, 
and  stated  that  internally  it  was  hollow.  Upon  the  whole,  Mr. 
Lesquereux  appears  to  regard  it  as  a  fresh- water  mollusc.  * 

In  the  year  following  that  in  which  the  above  was  written,  Mr. 
Lesquereux  again  returned  to  the  subject  of  Oyromiees,  in  a  note  to 
a  paper  **  On  the  Coal  Formations  of  America."  It  is  nsually  found 
on  the  leaves  and  stem  of  CckHipteria  SulUvani,  Lesq.,  and  is  still 
considered  as  a  shell.  Lesquereux  believes  the  American,  Nova 
Sootian  and  Continental  forms  to  be  identical,  but  the  British  is  con- 
sidered to  be  distinct.^ 

In  1864  Captain  von  Roehl,*  in  a  communication  to  the  Bhenish- 
Prussian  Natural  History  Union,  at  Dorpat,  stated  that  Bedner  com- 
pared the  Gyromices  ammoniSf  Gopp.,  to  Flanorbis,  and  considered  it 

Dyas,  1862,  heft  2,  p.  133. 

Mem.  Geol.  Surrev  Gt  Brit.  Iron  Ores,  1861,  pi  3,  t.  2,  f.  23. 

Quart.  Joum.  Oeol.  Soc.  1854,  x.  p.  39. 

Mem.  Oeol.  Surrey  Scot  No.  32, 1861,  p.  145. 

Lethsea  Rosrica,  1860,  L  p.  670. 

American  Joum.  Science,  1861,  xxxii.  p.  195. 

Jbid,  1862,  xxziiL  p.  208. 

NafeorhiatorifchflQ  Yerein  d.  PreuM.  RheinL  YerhandL  Doipat,  1864,  xzL  p.  43. 
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a  Ghtfteropod,  and  identical  with  8pirorhi$  earhonartua,  Dawson.  This 
is  probably  one  of  the  earliest  instances  of  a  change  of  opinion 
amongst  Continental  Palaoontologists  as  to  the  affinities  of  0. 
amnumU,  Gopp. 

Writing  in  1866,  Mr.  Leo  Lesquereux,  after  having  examined 
many  specimens  of  the  so-called  0.  ammoniB,  states  that  he  "cannot 
consider  them  bat  as  the  small  thick  shells  of  an  Annelid,"  and 
refers  it  to  Spirorhia  carhonarius,  Dawson.  The  species,  according 
to  Lesqnerenx,  is  abundant  at  Colchester,  Dlinois,  associated  with 
the  remains  of  CaUipteris  Stdlivantiiy  PecopteriSy  and  Stigmaria,  eta, 
and,  as  with  ns,  leaving  deep  imprints  on  the  plant  surfaces.^ 

It  is  unnecessary  to  follow  the  figures  of  8.  carhonariua  by 
Marchison  through  the  various  editions  of  his  "  Siluria  " ;  it  will  be 
sufficient  for  the  purposes  of  the  present  history  to  notice  only  those 
of  the  fourth  and  last  edition,  published  in  1867.  The  figures  here 
given  are  the  same  as  those  used  in  the  "Silurian  System,"  and 
represent  in  a  similar  manner  the  British  varieties  of  the  species. 
The  important  point  connected  with  these  later  references  of 
Murchison  is  his  recognition  of  the  identity  of  his  Microeonchm  with 
Spirorbis.* 

Amongst  the  many  occasions  on  which  Mr.  E.  W.  Binney  has 
called  attention  to  the  present  species,  not  the  least  important  is  that 
on  which  he  described  the  position  and  extent  of  the  "  Spirorbis 
limestone  "  in  the  upper  part  of  the  Coal-measures  of  the  North-west 
of  England,  where  it  forms  a  continuous  and  well-marked  bed.® 

We  now  come  to  an  important  paper  by  MM.  Van  Beneden 
and  E.  Coemans,*  in  which,  following  Von  Koebl,  they  dispute  the 
fungoid  nature  of  the  Gyromices,  and  endeavour,  on  their  own  part, 
to  prove  its  relation  to  the  Pulmonate  Gasteropoda.  MM.  Van 
Beneden  and  Coemans  assign  to  Dr.  Andrii,  of  Bonn,  the  honour  of 
being  the  first  to  doubt  the  vegetable  origin  of  Gyromicea,  They 
consider  it  most  nearly  resembles  PlanorhiSy  or  certain  Tubicolar 
Annelides,  and  would  be  content  to  regard  it  as  one  of  the  latter, 
were  it  not  difficult  to  reconcile  the  occurrence  of  marine  forms  of 
this  class  attached  to  the  remains  of  terrestrial  or  fluviatile  plants. 
From  this,  principally,  they  are  led  to  look  upon  Gyromicea  as  a 
Pulmonate  Terrestrial  Mollusc  allied  to  the  Helicidie,  living 
adherent  to  the  stems  and  leaves  of  ferns  and  other  coal-plants  as  the 
living  Spirorbis  does  on  marine  vegetation  and  animals.  Ignoring 
the  terra  Gyromices,  they  propose  for  this  the  name  Palaorhis, 

In  1868  Major  von  Roehl  gave  a  detailed  notice  of  this  species, 
and  is  one  of  the  few  German  authors  who  has  referred  it  to 
Spirorbis.^ 

In  1868  Dr.  J.  W.  Dawson  added  to  our  knowledge  of  his 
Spirorbis  carbonarius,  by  describing  the  microscopic  shell  structure, 

»  Illinois  Geol.  Survey  Rept.  1866,  ii.  p.  462. 

»  Siluria,  1867,  4th  e^it.  p.  302. 

'  Trans.  Manchester  Geol.  See   1866,  vi.  p.  42. 

*  Bull.  I'Acad.  R.  Bruxelles,  1867,  2me8er.  xxiii. 

^  Foss.  Flora  Steinkohlenf.  Westphalens,  lief.  1,  p.  4. 
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which,  he  says,  ''  is  identical  with  that  of  the  modem  Spirarbis,  and 
shows  that  it  is  a  true  worm  shell."  Dr.  Dawson  describes  it  as 
dextral,  attached  throaghout  its  whole  length,  and  with  a  deep 
umbilicus.  "  These  little  shells,"  he  adds,  "  no  doubt  took  immediate 
possession  of  submerged  vegetation,  just  as.  their  modem  allies  cover 
fronds  of  Laminaria  and  Ikirus.**  * 

As  a  sign  of  the  abandonment  of  the  fungoid  nature  of  this  much 
disputed  little  animal,  we  may  take  the  opinion  of  Prof.  Schimper  in 
his  **  TraiU  de  Paleontologie  Vegetal^**  published  in  1869.  In  the 
first  volume  Qyromicen  is  placed  amongst  the  doubtful  Cryptogams,' 
and  in  the  third  volume  the  definite  opinion  is  given,  '*  I  should  see 
in  it  a  shell  rather  than  a  fungus."  In  quoting  Lesquereux's  view, 
Prof.  Schimper  quite  destroys  the  value  of  his  opinion,  for  he  causes 
the  former  to  say  he  ''  cannot  consider  them  as  the  small  thick  shells 
of  an  Annelid,"  the  omission  of  the  small  word  "  but "  before  "  as  " 
making  all  possible  difiference  in  the  sense  and  meaning  of  the 
quotation.'* 

My  friend  and  fellow-labourer  in  the  Edinburgh  PalsBontological 
field,  Mr.  C.  W.  Peach,  gave,  in  1871,  an  interesting  account  of  the 
occurrence  of  Sp,  carhonarim  in  the  Burdiehouse  limestone.* 

In  1871  Dr.  J.  W.  Dawson*  again  refers  to  and  combats  the 
notion  of  Spirorhis  or  Gyromices  being  a  fungus.  He  describes  a 
Spirorhis  infesting  the  leaves  of  a  Devonian  plant,  Cordaites  Bobhii, 
which  is  separated  from  the  Carboniferous  form  on  account  of  the 
more  rapidly  enlarging  tube,  under  the  name  of  Sp.  Erianua,  Dr. 
Dawson  also  states  that  the  dextral  or  sinistral  form  of  the  tube 
often  depends  on  whichever  side  of  the  leaf  or  plant  is  held  up. 

Messrs.  Van  Beneden  and  Coemans  are  supported  in  their  views 
of  the  affinity  of  Spirorhia  or  Oyromices,  whichever  the  reader 
chooses  to  regard  it,  by  Dr.  Golden  berg,,  who  has  recently  written  a 
lengthy  essay  on  this  form.'  He  compares  it  to  Planorhis,  asserts  its 
molluscan  affinity,  and  confutes  the  hitherto-accepted  fungoid  nature. 
On  the  whole  his  paper  bears  a  very  strong  resemblance  to  that  of 
the  above  authors ;  he,  however,  states  that,  from  a  comparison  of 
specimens,  he  is  satisfied  Dawson's  species  found  in  America  is 
identical  with  that  occurring  in  the  German  Coal-fields. 

The  last  reference  to  be  made  in  the  history  of  this  much  be- 
written,  but  little  understood  fossil  is  by  myself.'  In  a  paper  pub- 
lished in  1878,  on  the  Invertebrate  Fauna  of  the  Wardie  shales,  I 
briefly  described  S.  carbonartua,  and  a  variety  to  which  I  gave  the 
name  Eibberti,  corresponding  with  the  "  Nautilus  "  of  Dr.  Hibbert 
Its  occurrence  throughout  the  Wardie  shales  was  traced  and  its 
relation  to  the  other  fossils  pointed  out. 

{To  be  eontinued,) 

>  Acadian  Geology,  2nd  ed.  1868,  p.  206. 

»  vol  i.  p.  144.  '  vol.  iiL  p.  662. 

*  Trans.  Geol.  Soc.  Edinb.  1871,  ii.  pt.  1,  p.  82. 

*  Fo88.  Plants  Dev.  and  Sil.  Formations  of  Canada,  1871,  pp.  43,  44. 
«  Fauna  Saraepontana  Foss.  1877,  heft  2,  p.  4. 

^  Quart.  Joum.  Geol.  Soc.  1878,  xxxi?.  p.  9. 
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L — ^Mkmoibs  of  the  Gxologioal  Subyet  of  England  and 
Walks.  The  Geology  of  the  Yobkshire  Coal-field.  By 
Prof.  A.  H.  Green,  M.A.,  and  Messrs.  B.  Bussell,  J.  B. 
Dakyms,  J.  C.  Ward,  C.  Fox  Strangways,  W.  H.  Dalton  and 
T.  V.  Holmes.  Published  by  order  of  the  Lords  Commissioners 
of  H.  M.  Treasury.     Dated  1878,  but  not  published  until  1879. 

THIS  work,  perhaps  the  most  important  economically  of  the 
Memoirs  of  the  G^logical  Survey,  is  also  the  largest  in  size 
yet  published,  exceeding  in  bulk  even  Portlock's  Beport  on  the 
Geology  of  Londonderry.  Intending  purchasers,  however,  will  be 
agreeably  surprised  to  find  that  its  price  has  not  been  fixed  in 
aocordanoe  with  the  scale  adopted  in  the  case  of  some  recent  Survey 
Memoirs.  Two  guineas  is  the  sum  asked  for  this  volume,  containing 
823  pages,  26  plates  (chiefly  sheets  of  comparative  sections),  and 
125  woodcuts.  SomeUiing  might  have  been  done  to  improve  the 
appearance  of  the  woodcuts,  most  of  which  have  that  shabby  look 
almost  peculiar  now-a-days  to  Survey  Memoirs ;  an  appearance  for 
which  the  original  drawings  are  in  no  way  to  blame.  An  officer 
who  finds  his  drawing  treated  as  that  for  the  frontispiece^  of  this 
book  has  been,  can  hardly  look  upon  the  result  with  satisfaction  or 
even  with  equanimity. 

No  mention  is  made  of  the  Derbyshire  part  of  the  Coal-field ;  the 
maps,  on  a  scale  of  six  inches  to  a  mile,  ending  with  the  Yorkshire 
boundary.     The  country  included  in  the  memoir  has  therefore  had 
the  advantage  throughout  of  the  six-inch  scale,  which  is  absolutely 
necessary    for    good   Coal-measure    work.     In    addition,    one-inch 
geological  maps  reduced  from  six-inch  work  are  better  in   every 
respect  than  one-inch  maps  can  otherwise  be.     The  want  of  six-inch 
maps  in  the  southern  part  of  the  great  Coal-field  is  regretted  by 
Prof.  Eamsay,  the  Director-General  of  the  Geological  Survey,  in  his 
preface.     But  though  eight  years  or  more  have  elapsed  since  the 
completion  of  the  geological  fieldwork  on  the  Yorkshire  side,  no 
Bteps  have  since  been  taken  by  the  Ordnance  Survey  to  give  Derby- 
shire the  advantage  of  six-inch  maps. 

Though  the  book  is  so  large  that  it  might  well  have  been 
pnblisheil  in  two  volumes  instead  of  one,  there  is  scarcely  a  single 
superfluous  sentence  in  it.  The  editor  and  chief  contributor,  Prof. 
Green,  has  done  his  work  so  well  that  it  is  a  model  of  clear  and  con- 
cise arrangement  and  expression.  There  are  four  great  chapters, 
each  being  subdivided  into  sections.  The  first  chapter  is  short  and 
introductory,  and  contains  a  brief  sketch  of  the  physical  geography 
of  the  district.  Remarks,  also,  are  made  on  the  degree  of  complete- 
ness possible  in  geological  surveying,  and  its  variation  with  the 
amount  of  evidence.  Cautions  are  given  as  to  the  weight  to  be 
attached  to  the  prolongation  of  faults  across  unproved  country  ;  and 
the  desirability  of  borings  in  such  places  is  urged,  etc. 

*  The  Eeriewer's  little  boy,  having  caught  sight  of  it,  remarked  its  inferiority  to 
the  illustrations  in  the  '*  Boy's  Own  Paper." 
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The  second  chapter  consists  of  a  lithological  description  of  the 
rocks  not  of  the  Coal-measures  only,  bat  of  the  underlying  Millstone 
Orit,  Yoredale  Bocks,  and  Garboniferoas  Limestone;  by  far  the 
greater  number  of  the  469  pages  of  which  it  is  composed  being 
devoted  to  the  Coal-measures.  It  is  of  course  utterly  impossible  to 
attempt  any  abstract  of  it ;  the  mere  table  of  contents  would  occupy 
more  space  than  could  here  be  spared. 

Among  other  matters  the  rapidity  with  which  the  sandstones 
thicken  and  thin  away  is  here  noted.  ''  Cases  will  be  given  where 
sandstones  run  with  a  fairly  regular  thickness  of  100  feet  or  more 
over  miles  of  country,  and  then  wedge  out  to  nothing  in  a  space  of 
half  a  mile  or  less."  And  their  irregularity  in  composition  or 
grain  is  noticed,  together  with  the  probable  circumstances  attending 
their  deposition,  which  account  for  it.  The  existence  in  the  coarser 
sandstones  of  lumps,  and  even  crystals  of  orthoclase,  only  slightly 
'decomposed,  often  gives  the  rock  quite  a  granitic  look,  and  may 
have  been,  the  editor  remarks  in  a  note,  the  resemblance  which 
led  Charlotte  Bronte  into  the  mistake  of  describing  the  rocks  of  her 
native  moors  as  granite. 

The  shales  or  binds  also  vary  indefinitely,  in  composition,  from 
those  known  as  stone-bind  or  rock-bind,  which  may  be  called  either 
sandy  shales  or  shaly  sandstones,  to  the  purely  argillaceous  blue  and 
soft  binds.  And  these  last  are  often  darkened  by  the  admixture  of 
organic  matter,  till  in  some  cases  they  become  black,  and  pass  by  a 
gradual  increase  in  the  proportion  of  vegetable  matter  into  impure 
cannel  coals.  These  cannel  coals  are  considered  by  Prof.  Green  to 
be  exceptions  to  the  rule  that ''  the  majority  of  the  coals  we  have 
to  deal  with  were  certainly  land-growths.'*  He  thinks  that  they, 
on  the  contrary,  were  formed  under  water,  the  plants  of  which  they 
are  composed  having  drifted  into  shallow  ponds  or  lakes. 

Before  coming  to  the  Coal-measures,  the  Millstone  Orit  is  briefly 
dealt  with,  the  circumstances  of  its  deposition,  and  its  local  varia- 
tions being  noted.  A  general  sketch  of  the  Coal-measures  precedes 
the  detailed  account,  a  course  which  renders  the  latter  much  more 
digestible. 

The  Lower  Coal-measures,  or  beds  between  the  Bough  Bock  and 
the  Silkstone  Coal,  are  intermediate  in  character  between  the  Mill- 
stone Grit  and  Middle  Coal-measures.  Their  sandstones  are  more 
massive,  and  their  coals  thinner  than  those  of  the  latter.  One  rock, 
and  one  only,  the  EUand  Flagstone  or  Greenmoor  Bock,  which 
belongs  to  the  Lower  Coal-measures,  is  traceable  throughout  the 
Coal-field,  and  makes  therefore  an  excellent  horizon. 

The  lowest  bed  of  the  Middle  Coal-measures,  the  Silkstone  Coal,  is 
perhaps  the  most  important  of  all  the  coals,  the  next  in  consequence 
being  the  Bamsley.  The  coals,  though,  on  the  average,  much  more 
persistent  than  the  sandstones,  vary  considerably  from  place  to  place, 
and  not  unfrequently  die  away  altogether.  Both  the  Silkstone  and 
Bamsley  coals  are  traceable  over  the  greater  part  of  the  Coal-field, 
and  where  they  exist  none  others  are  worked.  The  tendency  is  there- 
fore to  avoid  sinking  pits  at  spots  where  there  is  any  great  thickness 
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'  measures  above  the  Bamsley  Coal,  though  many  are  sunk  to  the 
Ikstone  at  places  below  the  outcrop  of  the  Barnsley.     This  results 

a  concentration  of  coal-pits  towards  the  western  margin  of  the 
lal-fieldy  and  the  existence  of  a  large  area  of  unproved  ground 
wards  tbe  escarpment  of  the  Magnesian  Limestone,  which  is  the 
ore  difficult  to  make  out  in  detail  from  a  greater  variability  in  the 
.ndstones  coinciding  with  this  dearth  of  colliery  information.  Among 
le  uppermost  of  the  Coal-measure  beds,  the  most  interesting  is  the 
ed  Hock  of  Botherham,  which  the  labours  of  tbe  Geological  Survey 
ive  sbown  to  lie  unconformably  on  the  beds  below  it  And  on  the 
lier  hand  its  Carboniferous  age  is  shown  by  the  presence  above  it, 
1  the  Midland  Bail  way  a  mile  south  of  Masborough,  of  beds  of  the 
rdtnary  Coal- measure  type.  No  igneous  rocks  are  found  anywhere 
1  the  (/oal-field. 

The  third  great  chapter  occupies  270  pages  of  the  book,  and  is 
ivided  into  38  sections.  It  deals  with  the  present  position  and  lie 
f  tlie  rocks.  The  country  is  divided  into  districts,  each  of  which  is 
reated  by  itself.  The  boundaries  of  these  districts  are  either  natural 
matures,  such  as  river- valleys  or  great  escarpments ;  or  geological 
ines,  such  as  coal-crops  or  lines  of  fault.  As  in  this  chapter  is 
liven  a  detailed  account  of  the  geological  and  physical  structure  of 
he  whole  district,  it  is  impossible  to  do  more  than  simply  mention  it. 

Chapter  the  fourth  is  concerned  with  glacial  and  river  deposits, 
ind  occupies  only  25  pages.  There  is  an  appendix  consisting  of  a 
ist  furnished  by  Mr.  W.  Whitaker,  F.G.S.,  of  the  books,  papera  and 
naps  relating  to  the  geology  of  the  Yorkshire  Coal-field  and  its 
leighbourhood,  arranged  chronologically :  also  a  good  index,  the 
irork  of  Mr.  W.  H.  Dalton. 

In  conclusion,  it  must  be  remarked  that  it  is  a  great  pity  that 
irorks  such  as  the  above  should,  from  their  advent  not  being  suffi- 
ciently heralded  by  advertisements,  and  from  neglect  in  sending 
copies  for  review,  remain  almost  or  quite  unknown  to  many  to  whom 
they  would  be  of  the  highest  benefit.  Government  publications  are 
no  better  protected  than  other  literary  productions  from  "  wasting 
their  sweetness  on  the  desert  air,"  in  the  absence  of  the  proper 
means  for  making  their  existence  known. — ^. 


IL— A  Tjbxt-Book  op  Field  Geology.  By  W.  Henby  Penning, 
F.G.S.  With  a  section  on  PalsBontology,  by  A.  J.  Jukes- 
Bbowne,  B.A.,  F.G.S.  Second  Edition.  8vo.  pp.  319, 
Geological  Map,  and  twenty-nine  Woodcuts,  (London : 
Balli^re,  Tindall,  and  Cox,  1879.) 

IN  the  Geological  Magazine  for  October,  1876,  we  called  the 
attention  of  our  readers  to  the  "  Field  Geology "  by  Mr. 
Penning,  tben  just  published.  We  have  now  much  pleasure  in 
noticing  the  second  edition  of  the  work,  which,  with  nearly  one 
l^nndred  additional  pages,  has  become  a  good-sized  volume.  The 
new  matter  comprises  further  notes  on  the  process  of  mapping,  on 
leyelliDg,  and  on  the  characters  of  the  rocks  to  be  observed  in  the 
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field.  In  fact,  the  work  bears  evidence  of  careful  revision  through- 
out, and  combines  sach  full  practical  instructions  that  any  stadoit 
having  mastered  the  principles  of  geology  onght  with  this  work  is 
his  band  to  be  able  to  do  good  field-work,  whether  in  this  countijor 
in  any  distant  land.  Ever}'thing  appears  clear  and  intelligible 
enough  for  the  beginner,  excepting  perhaps  the  diagrams  on  p.  66; 
in  thc8e,  however,  we  are  justified  in  finding  faults.  In  table  iiLp. 
47,  the  Crag  might  have  been  added,  for  although  it  has  not  yet 
received  an  index  mark  in  the  Survey  Table  of  Strata,  at  least  one 
map  showing  the  Crag  (the  country  around  Harwich)  has  been  pub- 
lished. 

In  the  section  on  Palseontology,  Mr.  Jukes-Browne  has  likewiis 
added  much  new  matter.  And  we  notice  that  instead  of  the  list  of 
characteristic  fossils,  which  in  the  former  edition  was  arranged 
zoologically,  so  that  from  the  fossil  the  geological  position  of  tbe 
rock  could  be  determined,  we  have  now  two  tables,  one  of  the 
characteristic  genera  belonging  to  each  great  division  of  the  strata, 
whetlier  British  or  foreign ;  and  the  other  of  the  characteristic  speciei 
for  the  chief  sub-formations  of  each  geological  system  in  the  British 
Isles  and  the  western  portion  of  £uix)pe.  Mr.  Jukes-Browne*! 
remarks  on  the  testimony  of  the  fossils  are  full  and  interesting 
And  we  are  led  to  think  that  after  an  attentive  study  of  the  work, 
few  observers  would  attempt  to  describe  the  geology  of  any  district, 
after  making  themselves  acquainted  with  the  characters  of  the  rockt 
and  the  names  of  the  fossils,  without  also  making  themselves 
acquainted  with  the  practical  mapping  of  the  country,  which  alone 
can  explain  its  stratigraphical  features,  and  enable  true  pictures  of 
the  physical  geography  of  each  past  period  to  be  ultimately  drawn. 


III. — Report  on  the  Geology  and  Gold-fields  of  Otago  (New 
Zealand).  By  F.  H.  Hutton,  F.G.S.,  and  G.  H.  F.  Ulbich. 
(Dunedin,  1876.) 

THE  general  geological  stnicture  of  Otago  is  similar  to  that  of 
Westland  and  Canterbury,  and  of  the  twelve  different  marine 
periods,  which,  according  to  Captain  Hutton,  are  found  in  New 
Zealand,  only  one,  the  Ahumi  foimation  belonging  to  the  Tertiaiy 
period,  is  altogether  absent  from  Otago  ;  one  other,  however,  the 
Wanganuri  (also  Tertiary),  is  represented  by  lacustrine  instead  of 
marine  deposits. 

The  formations  belong  to  the  Eozoic,  Palaeozoic,  Mesozoic,  and 
Tertiary  periods,  and  are  described  in  stratigraphical  order,  as  regards 
their  character,  thickness,  fossils,  and  oontemporaneoos  volcanio 
rocks  (when  present),  as  well  as  their  relation  to  the  underlying 
formation. 

Separate  sections  are  devoted  to  the  physical  geography ;  the  sur- 
face and  economical  geology  of  the  province.  A  special  report  \a 
furnished  by  Dr.  Dlrich  on  the  gold-fields  and  the  occurrence  of  the 
metallic  minerals  of  the  province.  Besides  a  geological  map  and 
sections,  the  work  contains  a  table  of  altitudes,  lists  of  the  minerals, 
and  of  the  vertebrate  and  moUosoaa  fauna  found  in  OtagOw    J.  M. 
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1.— Annual  General  Meeting,  Feb.  20,  1880.— H.  C.  Sorby,  Esq., 
LL.D.,  F.R.S.,  the  retiring  President,  occupied  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1879,  from  which  it  appeared 
that  the  same  indications  of  depression  which  had  been  referred  to  in 
the  previous  year's  report  still  continued,  and  that  the  finances  of  the 
Society  were  consequently  not  in  so  prosperous  a  condition  as  could  be 
wished.  The  Council's  Report  mentioned  the  completion  of  the  new 
Cutalogue  of  the  Library,  the  printing  of  which  has  been  commenced, 
and  announced  that  it  would  be  issued  to  the  Fellows  at  a  low  price. 

The  President  said: — The  Council  has  awarded  the  WoUaston  Qold 
Kedal  to  Professor  A.  Daubr6e,  of  Paris,  F.M.G.8.,  in  recognition  of 
his  long  and  arduous  work  in  geology,  and  especially  for  his  researches 
on  the  formation  of  minerals  and  on  the  metamorphism  of  rocks.  We 
must  all  regret  that  his  pressing  duties  as  President  of  the  French 
Academy  prevent  his  being  amongst  us  to-day.  Possibly  no  one  of  our 
members  more  highly  appreciates  his  numerous  contributions  to  physi- 
cal geology  than  I  do  myself,  since  they  have  been  so  intimately  con- 
nected with  my  own  researches,  though  carried  on  in  many  cases  in  a 
very  different  manner.  I  would  more  especially  allude  to  the  great 
Talue  of  the  experiments  in  which  he  was  able  to  produce  several  very 
important  minerals  by  the  action  of  water  at  a  high  temperature ;  his 
researches  on  the  formation  of  well-known  zeolites  in  the  old  Koman 
brick- work  at  Plombi^res,  and  numerous  other  applications  of  the 
experimental  method  to  the  solution  of  other  important  questions  con- 
nected with  various  branches  of  physical  geology.  These  have  cul- 
minated in  his  recent  and  most  valuable  work  on  experimental  geology 
—a  Work  which  ought  to  be  the  means,  as  I  trust  it  will  be,  of  intro- 
ducing and  still  further  extending  the  experimental  method  of  inquiry 
ioto  all  branches  of  our  science. 

The  medal  was  placed  in  the  hands  of  Mr.  Bauer  man  for  transmis- 
sion, who  in  reply  said  that  M.  Daubree  desired  to  testify  his  gratitude 
to  the  Society  not  only  for  the  honour  done  to  him  on  this  occasion, 
but  also  for  the  previous  award  of  the  Wollaston  Fund  in  1861,  and 
more  particularly  for  the  kindly  interest  expressed  by  past  Presidents, 
the  late  Sir  Roderick  Murchison  and  Mr.  Leonard  Horner,  in  the  course 
of  experimental  researches  then  recently  commenced,  which  had  been 
a  powerful  encouragement  to  him  in  following  out  that  particular  line 
of  work ;  and  he  was  the  more  anxious  to  record  this  as  these  dis- 
tinguished leaders  of  our  science  were  no  longer  with  us. 

The  President  next  handed  the  Murchison  Medal  and  the  proceeds 
of  the  Murchison  Donation  Fund  to  Mr.  K.  Etheridge,  F.R.S.,  F.G.S. 
(the  President-elect),  and  addressed  him  as  follows : — 

Mr.  Etheridge, — In  this  room  and  before  this  assembly  it  is  hardly 
necessary  for  me,  in  presenting  you  with  the  Murchison  Medal,  to 
enter  into  any  explanations  of  the  reasons  which  have  induced  the 
Couicil  to  award  it  to  you.     Your  published  writings,  the  greater  part 
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of  which  have  appeared  in  our  '  Quarterly  Journal/  and  must  be  well 
known  and  highly  appreciated  by  most  of  us  here  present,  would  alone 
suffice  to  justify  the  Council  in  their  award.  But  when  we  take  into 
consideration  your  long-continued  palasontological  work  in  connexion 
with  the  Museum  of  the  Geological  Survey,  the  results  of  which  have 
silently  exerted  so  great  an  influence  upon  the  progress  of  geology  in 
this  country,  your  constant  help  to  others  in  their  investigations,  and 
your  labours  as  a  teacher  in  connexion  with  the  School  of  Mines,  which 
must  have  brought  forth  much  good  firuit,  I  think  every  one  will  ac- 
knowledge that  you  are  fully  entitled  to  all  the  honours  which  the 
Geological  Society  can  confer  upon  you.  1  must  refer  especially  to 
the  valuable  Catalogue  of  British  Fossils  upon  which  you  have  so  long 
been  engaged,  to  assist  you  in  the  completion  of  which  the  Council 
have  joined  to  the  award  of  the  Murchison  Medal  the  whole  proceeds 
of  the  Fund  for  the  present  year. 

Mr.  Etheridge,  in  reply,  said :  Mr.  President, — ^This  is  the  second 
time  the  Council  of  the  Geological  Society  has  conferred  upon  me  the 
honour  of  being  one  of  its  recipients.  In  1871  I  was  presented  with 
the  balance  of  the  "WoUaston  Fund ;  and  to-day  I  receive,  at  your 
hands,  evidence  of  the  marked  distinction  and  approbation  of  the 
Society  in  being  selected  to  receive  both  the  Murchison  Medal  and 
Fund.  I  am  indeed  gratified  at  being  its  present  recipient.  Sir 
Roderick  Murchison  was  for  fifteen  years  my  esteemed  chief  and  valued 
friend.  I  therefore  attach  especial  value  to  this  mark  of  your  appro- 
bation of  any  labour  that  I  have  done  in  the  cause  of  that  science  for 
which  the  Medal  was  founded.  To  me  no  labour  in  the  field  of  natural 
science  is  too  great  to  be  devoted  to  carrying  out  those  duties  I  have 
to  perform  ;  and  the  reward  bestowed  upon  me  to-day  I  hope  still  to 
merit  and  repay,  through  work  yet  to  be  done  for  our  Society,  and  by 
aiding  others  to  spread  abroad  the  truths  of  Nature  as  taught  through 
geological  and  palfeontological  research. 

The  President  then  presented  the  Lyell  Medal  to  Mr.  John  Evans, 
D.C.L.,  LL.D.,  F.R.S.,  F.G.S.,  and  addressed  him  as  follows: — 

Dr.  Evans, — The  Council  has  awarded  to  you  the  Lyell  Medal  and 
the  sum  of  twenty  guineas  from  the  proceeds  of  the  fund,  in  recognition 
of  your  distinguished  services  to  geological  science,  especially  in  the 
department  of  Post-Tertiary  geology.  1  can  well  remember  the  time 
when  there  appeared  to  be  an  almost  impassable  gulf  between  anti- 
quaries and  geologists;  but  you  and  your  fellow-workers  have  so 
completely  bridged  over  that  gulf,  that  we  now  can  scarcely  say  where 
archaeology  ends  and  geology  begins,  nor  whether  to  rank  and  value 
you  most  as  an  antiquary  or  a  geologist.  Your  long-continued  labours 
and  valuable  writings  on  fiint  implements  have  equally  advanced  both 
the  sciences  to  which  I  have  alluded,  and  thrown  great  light  on  that 
most  interesting  problem — the  Antiquity  of  Man.  As  another  claim 
on  our  highest  regard,  I  would  refer  to  the  great  services  you  have 
rendered  to  this  Society  in  every  possible  way  that  could  advance  its 
interests  and  that  of  our  science.  We  feel  assured  that  the  founder  of 
this  Medal  would  have  heartily  approved  of  the  award,  since  yotur 
researches  have  been  so  intimately  connected  with  those  subjects  which 
in  his  later  years  attracted  so  much  of  his  attention. 
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Dr.  Evans  in  reply,  said:  Mr.  President, — It  is  with  much 
gratification  that  I  receive  this  award  at  jour  hands,  for  I  regard  it 
not  only  as  a  kindly  mark  of  appreciation  on  the  part  of  yourself  and 
the  Council,  but  also  as  a  memorial  of  my  old  and  valued  friend  and 
master  Sir  Charles  Lyell.  This  Medal,  has,  indeed,  a  peculiar  interest 
to  me  in  connexion  with  him ;  for  it  was  while  I  was  one  of  your 
Secretaries  that  he  did  me  the  honour  of  consulting  me  as  to  the 
foundation  of  this  fund;  and,  subsequently,  it  was  as  your  President 
that  I  had  the  satisfaction  of  handing  the  first  Lyell  Medal  and  the 
first  proceeds  of  the  Fund  to  no  less  distinguished  a  geologist  and 
palsBontologist  than  Prof.  Morris.  I  am  highly  flattered  to  find 
myself  associated  with  him  and  other  eminent  geologists  in  the  list  of 
the  recipients  of  this  Medal,  and  only  wish  that  I  was  equally 
deserving  of  the  honour.  What  little  I  may  have  done,  either 
directly  or  indirectly,  to  promote  the  advance  of  geological  knowledge, 
has  been  mainly  the  result  of  my  now  somewhat  long  connexion  with 
this  Society,  and  the  many  valuable  and,  I  hope,  enduring  friendships 
with  its  Fellows  that  I  have  thus  been  enabled  to  make.  This 
connexion  is  one  upon  which  I  look  back  with  unalloyed  satisfaction, 
and  of  which  this  Medal  will  always  preserve  the  record. 

The  President  next  presented  the  balance  of  the  proceeds  of  the 
Wollaston  Donation  Fund  to  Mr.  Thomas  Davies,  F.G.S.,  of  the 
British  Museum,  and  addressed  him  as  follows : — 

Mr.  Davies, — ^The  Council  of  this  Society  has  awarded  to  you 
the  balance  of  the  proceeds  of  the  Wollaston  Fund,  as  a  testimony  of 
the  value  of  your  researches  in  mineralogy  and  lithology,  and  to  assist 
jou  in  the  further  examination  of  the  microscopic  structure  of  rocks. 
I  need  hardly  say  how  much  this  subject  claims  my  own  sympathy, 
and  we  feel  assured  that  it  would  also  have  secured  that  of  the  founder 
of  the  fund.  I  am  astonished  at  the  rapid-  growth  of  this  branch  of 
inquiry  since,  some  thirty  years  ago,  1  with  my  own  hands  prepared 
the  first  thin  sections  of  rocks  for  geological  purposes.  Yery  much, 
however,  remains  to  be  learned ;  and  we  hope  that  the  award  of  the 
Council  will  enable  you  to  still  further  extend  your  inquiries. 
Yaluable  as  have  been  the  results  which  you  have  made  public,  we  all 
feel  that  in  many  cases  you  have  still  further  advanced  our  science  by 
the  generous  assistance  which  you  have  afforded  to  others.  As  a 
ilight  token  of  our  regard,  we  beg  you  will  accept  the  usual  balance 
of  the  Wollaston  Fund,  which  I  now  present  to  you. 

Mr.  Davies  replied :  Mr.  President, — I  am  deeply  sensible  of  the 
honour  conferred  upon  me  by  the  Council  in  making  me  this  award, 
and  I  beg  to  tender  them  my  sincere  thanks.  That  branch  of  the 
idence  of  mineralogy  which  embraces  the  habits,  associations,  and 
modes  of  occurrence  of  mineral  species  has  long  been  of  special  interest 
to  me.  The  gratification  derived  from  having  been  enabled  to  apply 
the  knowledge  I  have  gained  in  assisting  others  to  elucidate  the  struc- 
ture and  probable  origin  of  some  of  the  older  rocks,  is  now  greatly 
enhanced  by  this  recognition.  1  regard  it  also  as  an  incentive  to  the 
coDtiiiuance  of  this  work,  which  now  occupies  so  many  scientific  minds 
both  at  home  and  abroad. 
Addressing  Professor  Seeley,  the  President  said : — It  is  with  much 
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pleasure  that  I  band  to  yoa  the  balance  of  the  proceeds  of  the  LyeQ 
Donation  Fund  for  transmisnon  to  Prof.  Quenatedt,  of  Tiibingen, 
F.M.G.S.,  to  whom  it  has  been  awarded  by  the  Council  of  the  Sooietj. 
Prof.  Quenstedt's  labours  in  various  departments  of  geology,  extending 
over  a  period  of  more  than  five-and-forty  years;  his  publiflhed  writingH, 
commencing  with  memoirs  on  mineralogical  subjects  in  the  year  1835, 
followed  very  shortly  by  others  dealing  with  pfuseontological  matterp, 
culminating  in  his  admirable  Manuals  of  Palaoontology  and  Mineralogy, 
published  respectively  in  1852  and  1854,  and  of  which  several  later 
editions  have  appeared, — ^in  his  great  work  'Der  Jura,'  on  the  Jurasrio 
rocks  of  Southern  Oermany, — and  in  his  magnificent  'Petre&cten- 
kunde  Deutschlands,'  commenced  in  1846,  and  still  in  progress;  his 
renown  as  a  successful  teacher  of  geology  and  mineralogy;  and  his 
services  to  science  by  the  establishment  of  the  fine  Museum  over  which 
he  so  worthily  presides  at  Tiibingen,  have  already  been  recognized  by 
this  Society  in  his  election  as  a  Foreign  Correspondent  in  1863,  and  as 
a  Foreign  Member  in  1875.  It  is  with  the  purpose  of  showing  their 
continued  appreciation  of  these  labours,  and  especially  to  aid  ^e  dis- 
tinguished Professor  in  the  completion  of  his  last-mentioned  great 
work,  that  the  Council  have  decided  to  award  to  him  the  balance  of  the 
Lyell  Donation  Fund ;  and  in  placing  it  in  your  hands  I  have  to  beg 
that  you  will  request  his  acceptance  of  it  in  the  spirit  in  which  it  is 
offered. 

Professor  Seeley,  in  reply,  said, — I  am  sure  that  Professor  Quenstedt 
will  gratefully  appreciate  the  terms  in  which  you  have  expressed,  on 
behalf  of  the  Geological  Society,  admiration  for  his  great  efforts  to 
advance  geological  science.  Upwards  of  seventy  years  of  age,  he  is 
labouring  with  the  energy  of  mature  powers ;  but  with  unaffected 
modesty  expresses  to  me  astonishment  that  his  work,  which  is  still 
unfinished,  should  have  been  thought  worthy  of  this  award.  The  fact 
that  the  Fund  is  associated  with  the  name  of  the  great  master  Sir 
Charles  Lyell  gives  it  for  him  an  additional  value  ;  for  so  far  back  as 
1857  Sir  Charles  sent  to  Prof.  Quenstedt  his  own  clinometer,  and  in 
many  ways  in  after-years  gave  evidence  of  sympathy  with  the  investi- 
gations of  the  distinguished  teacher  of  Tubingen.  I  may  eay  that  in 
these  days  of  division  of  labour  one  thinks  with  wonder  of  the  variety 
of  Prof.  Quenstedt*s  work,  signalized  as  it  has  been  by  success  in  every 
department.  The  perfection  of  his  work  may,  perhaps,  be  summed  up 
in  the  one  word  '*  thoroughness,"  for  it  begins  with  an  almost  un« 
rivalled  development  of  the  treasures  in  his  wonderful  museum,  and 
culminates  in  the  rare  courtesy  and  singleness  of  heart  with  which  he 
communicates  to  others  the  treasures  stored  in  his  mind.  I  am 
sure  he  will  gratefully  accept  this  award  in  the  spirit  in  which  it  is 
offered,  and  for  the  further  advancement  of  science. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
which  was  devoted  to  an  examination  of  the  structure  and  origin  of 
non-culcareous  stratified  rocks,  especially  as  revealed  by  microscopic 
investigation,  and  to  a  consideration  of  certain  phenomena  of  their 
metamorphism,  the  production  of  cleavage,  etc.  The  Address  was 
prefaced  by  obituary  notices  of  Fellows  and  Foreign  Members  of  the 
Society  deceased  during  the  past  year,  including  Prof.  Paul  Gku'vais, 
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Prof.  Bcrnhard  von  Cotta,  Mr.  David  Page,  Prof.  James  Nicol,  Sir 
Walter  C.  Trevelyan,  Bart.,  Mr.  John  Wuterhouse,  and  others. 

The  Ballot  for  the  Coan^  and  Officers  was  taken,  and  the  following  were  dniy 
dected  for  the  ensuing  yeaxi—Pyesident:  R.  Etheridffe,  Esq.,  F.R.S.  Vice-Presi- 
dtMis:  Sir  P.  de  M.  Orey-Egerton,  .Bart.,  M.P..  F.R.S. ;  J"hn  Evans,  D.C.L., 
LL.D.,  F.R.S. ;  J.  W.  Hulke,  Esq.,  F.R.S. ;  Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. 
Secretaries:  Prof.  T.  G.  Bonney,  M.A.,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S. 
Forei^  Secretary:  Wari^ton  W.  Smyth,  Esq.,  M.A.,  F.R.S.  Treasurer:  J. 
Owyn  Jelffreys,  LL.D.,  F.R.S.  CouncU:  Rev.  J.  F.  Blake,  M.A. ;  Prof.  T.  G. 
Booney.  M.A..  F.R.6. ;  W.  Carrathers,  Esq.,  F.R.S. ;  Sir  P.  de  M.  Grey-Ererton, 
Bart.,  M.P.,  F.R.S. ;  R.  Etheridge,  Esq.,  F.R.S. ;  John  Evans,  D.C.L.,  LL.D., 
F.R.S. ;  Lieut.-Col.  H.  H.  God  win- Austen;  J.  Clark  Hawkshaw.  Esq.,  M.A. ; 
Henry  Hicks,  M.D. ;  W.  H.  Hudleetone,  Esq.,  M.A. ;  Prof.  T.  McKenny  Hughes, 
M.A. ;  J.  W.  Hulke,  Esq.,  F.R  S. ;  J.  Gwyn  Jeffreys,  LL  D.,  F.R.S. ;  Prof.  T. 
Rupert  Jonee,  F.R.S. ;  Prof.  J.  W.  Judd,  ^.R.S. ;  Prof.  N.  S.  Maskel^e,  M.A., 
F.R.S. ;  J.  Morris,  Em^.,  M.A. ;  J.  A.  Phillips.  Esq.  ;  Prof.  J.  Prestwich,  M.A., 
F.R.8.:  Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. ;  Prof.  H.  G.  Seeley,  F.R.S.  ;  War- 
iogton  W.  Smyth,  Esq.,  M.A.,  F.R.S. ;  H.  C.  Sorhy,  LL.D.,  F.R.S. 


II.— Feb.  25,  J880.— Robert  Etheridge,  Esq.,  F.E.8.,  President,  in 
the  Chair. — ^The  following  communications  were  read  : — 

1.  ''On  the  Qeology  of  Anglesey."  By  Prof.  T.  McKenny  Hughes, 
ll.A. 

The  author  brought  forward  evidence  to  show  that,  resting  on  the 
central  gneissic  axis  of  Anglesey,  there  was  a  series  of  conglomerates 
which  he  referred  to  the  base  of  the  Cambrian ;  that  the  Lingula-flags 
had  not  yet  been  recognized;  that  the  conglomerates  were  followed 
by  the  brown  sandstones  hitherto  referred  to  Caradoc,  but  which  he 
identified  by  the  included  fossils  with  Tremadoc ;  that  the  lower  part 
of  the  £iack-8hale  Group  was  Arenig,  as  shown  by  the  Oraplolltes; 
while  he  thought  that  the  higher  parts  of  the  Black-Shale  Group 
might  turn  out  to  be  Lower  Bala;  that  the  Black  Shales  pass  under 
the  Gnarled  Schists.  He  then  adduced  evidence  to  show  that  these 
Gnarled  Schists  were  not  foliated  or  in  any  way  true  metamorphic 
rocks,  but  only  crumpled  laminated  beds,  in  which  ail  the  alteration  that 
had  taken  place  was  of  the  nature  of  vein- structure,  and  a  kind  of 
universal  slickenside,  consequent  upon  the  crushing  of  a  rock  consisting 
of  thin  laminae  of  diiferent  texture;  and  suggested  that  the  whole 
might  be,  like  the  green  slates,  etc.,  of  Chapel-le-dale,  in  Yorkshire, 
the  water-sorted  out-lying  equivalents  of  volcanic  rocks  elsewhere,  and 
be  contemporaneous  with  the  Snowdon  volcanic  series. 

2.  "  ^otes  on  the  Strata  exposed  in  laying  out  the  Oxford  Sewage 
Farm  at  Sandford-on-Thaines."  By  E.  S.  Cobbold,  Esq.,  F.G.S., 
Absoc.  M.  Inst.  C.E. 

The  beds  noticed  in  this  paper  belong  to  the  Kimmeridge  Clay  and 
the  upper  and  middle  part  of  the  Oxfonl  Oolite.  They  were  exposed 
(over  an  area  of  about  I^  mile  by  1  mile)  in  making  deep  trenches  for 
a  sewage  farm,  about  four  miles  S.  of  O.xford.  The  author  described 
Tariations  in  the  Coralline  Oolite  and  Coral  Hag,  which  become,  in 
places,  a  marl  without  corals.  The  Calcareous  Grit  also  is  variable  in 
character.  On  either  side  of  this  tract,  at  Headington  and  Cumnor, 
are  ooralliferous  strata.  Thus  it  appears  to  indicate  a  gap  in  the  reef. 
The  day  may  indicate,  the  proximity  of  some  riyer,  which  thus  caused 
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un  interruption.  The  author  gave  reasons  for  thinking  that  it  came 
from  the  S.E.,  and  suggested  that  it  may  have  descended  from  the 
PalaBozoic  ridge  beneath  London.  The  paper  also  included  some  notes 
on  the  Kiromeridge  Clay  and  a  peat  deposit. 

3.  **  A  Review  and  Description  of  the  various   Species  of  British 
TJpper-Silurian  FenesteUidje."     By  G.  W.  Shrubsole.  Esq.,  F.G.S. 

In  this  paper  the  author  passed  in  review  the  forms  of  Fenestellidffi 
which  have  been  described  from  British  Upper  Silurian  rocks.     These 
amount  to  nine  in  all — six  described  by  Lonsdale,  two  by  M*Coy,  and 
one  by  Portlock.     From  the  imperfect  condition  of  the  specimens  at 
the  command  of  these  authors,  and  especially  from  their  characters 
being  masked  by  an  incrusting  growth  of  corals,  etc.,  and  by  subse- 
quent matting,  it  is  in  most  cases  impossible  to  identify  them ;  only 
one  of  the  nine  species,  namely  F,  rigidula^  M*Coy,  being  recognisable. 
The  author  discusses  the  peculiarities  of  these  supposed  species,  of 
which  ho  adopts  only  F,  rigidula ;    and   describes  the  other  forms 
known  to  him  under  the  following  new  names : — FenesteUa  reteporata, 
F.  Uneata^  and  F,  intermedia.     The  author  further  discussed  the  rela- 
tions of  the  Silurian  FenestellidsB  to  those  of  the  Carboniferous  and 
to  other  organisms. 


III.— March  10,  1880.— Robert  Etheridge,  Esq.,  F.R.8.,  President, 
in.  the  Chair. — The  following  communication  was  read : — 

'^  On  the  Geological  Relations  of  the  Rocks  of  the  South  of  Ireland 
to  those  of  North  Devon  and  other  British  and  Continental  Districts." 
By  Professor  Edward  Hull,  M.A.,  LL.D.,  F.R.S.,  F.G.S.,  Director  of 
the  Geological  Survey  of  Ireland. 

In  this  paper  the  author,  after  referring  to  his  previous  paper  on 
the  geological  age  of  the  Glengariff  beds  (Quart.  Joum.  Geol.  Soc. 
vol.  XXXV.  p.  699),  in  which  he  showed  that  between  them  and  the 
succeeding  Old  Red  Sandstone  in  the  south  of  Ireland  there  existed  a 
very  great  hiatus,  proceeded  to  compare  the  sections  of  the  rocks  of 
the  south  of  Ireland  with  those  of  North  Devon,  and  to  show  that  the 
hiatus  in  question  is  represented  in  the  latter  locality  by  the  whole 
of  the  Middle  and  Lower  Devonian  rocks.  He  then  discussed  the 
relations  of  the  Devonshire  rocks  to  those  occurring  north  of  the  Severn, 
in  Scotland,  and  in  Belgium  ;  and  from  this  review  of  the  whole 
question  he  arrived  at  the  following  conclusions : — First,  that  there  is 
only  one  Old  Red  Sandstone  properly  so-called — represented  in 
Devonshire  by  the  Pickwell-Down  Sandstone;  in  Ireland  by  the 
so-called  Upper  Old  Red  Sandstone,  including  the  Kiltorcan  beds ;  in 
Scotland  by  the  so-called  Upper  Old  Red  Sandstone ;  and  in  Belgium 
by  the  "Psammites  du  Condroz."  Secondly  that  the  so-called  Old 
Red  Sandstone  of  Herefordshire  is  the  estuarine  representative  of  the 
Middle  and  Lower  Devonians  of  Devonshire ;  and  that  the  so-called 
Lower  Old  Red  Sandstone  of  Scotland,  with  its  fish-remains,  is  the 
lacustrine  representative  of  the  Upper  Silurian  rocks.  In  conclusion, 
the  author  discussed  the  physical  conditions  under  which  these  various 
formations  were  deposited. 
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THE  AGE  OP  THE  PENNINE  CHAIN. 

Sib, — When  Mr.  Wilson  asserts  that  I  have  assailed  two  of  his 
tfgaments,  I  beg  of  him  to  reoollect  that  he  is  the  assailant ;  I  the 
defendant. 

Both  Mr.  Harris  Teall  and  Mr.  Wilson  maintain  that  between  the 
Permian  and  Trias  there  is  no  important  hiaUie  or  unconformity.  I 
am  aware  that  this  has  for  some  time  past  been  an  article  of  faith 
with  some  Nottingham  geologists,  who  are  content  to  take  the  geo- 
logy of  the  Nottingham  district  as  a  synopsis  of  that  of  the  whole 
of  England,  if  not  of  the  British  Isles  and  Europe.  Mr.  Wilson 
now  admits,  what  I  had  previously  suspected,  that  he  has  no  personal 
knowledge  of  the  Permian  beds  of  Lancashire — at  least  not  those  of 
the  Stockport  district;  and  I  would  venture  to  recommend  him, 
before  proceeding  farther  with  this  subject,  to  run  over  to  that  not 
very  distant  region,  and  examine  the  sections  in  that  district,  which 
he  will  find  fally  described  in  the  Survey  Memoir  on  ''  The  Geology 
of  Stockport,  etc.,"  pp.  33-5.  He  will  then  find — Ist.  That  there  is 
a  decided  nnoonformity  between  the  New  Red  Sandstone  and  the 
Lower  Permian  Sandstone — inasmuch  as  the  Permian  Marls  with 
limestones,  which  are  almost  overlapped  at  Stockport  (allowing  the 
New  Bed  and  Permian  Sandstones  to  come  into  contact),  are  separated 
at  Hope  Hall  by  25  feet,  and  at  Heaton  Mersey  by  129  feet  of  Upper 
Permian  marls  with  limestones. 

2nd.  He  will  find  that  in  supposing  the  Permian  Sandstones  on  the 
west  of  the  Pennine  ridge  to  be  represented  by  such  beds  as  the  "  Red 
Bock  of  Rotherham,*'  he  has  been  (to  use  his  own  expression) 
"singularly  unfortunate"  in  his  controversy  with  roe  at  least. 
Both  Mr.  Teall  and  Mr.  Wilson  ought  to  recollect  that,  as  regards 
the  age  of  the  sandstones  of  Stockport,  Collyhurst,  and  other  places 
in  Lancashire  and  Cheshire,  their  Permian  age  and  unconformity 
to  the  New  Red  Sandstone  has  been  proved  repeatedly  by  Mr. 
Binney ;  and  the  views  of  myself,  as  representing  to  some  extent  the 
Geological  Survey  of  that  district,  are  simply  in  corroboration  of  Mr. 
Binney 's  very  able  statements. 

Now  I  must  again  press  my  point  How  can  my  opponents 
account  for  the  absence  of  beds  of  shingle  in  the  Permian  sandstone 
of  Stockport  and  East  Cheshire,  if  the  Carboniferous  rocks  formed  a 
ridge  at  the  time  of  their  deposition  ? 

Mr.  Wilson  asserts  that  *'  geologists,  not  omitting  the  Survey 
authorities,"  have  long  since  abandoned  the  belief  in  the  Permian 
age  of  the  Lower  Red  Sandstone  of  Yorkshire  and  Durham,"  and 
amongst  the  authorities  for  this  statement  I  am  referred  to  the  able 
Memoir  on  the  Yorkshire  Coal-field,  p.  482.  On  turning  to  the 
Memoir,  I  find  that  the  sandstones  here  referred  to  are  '*  the  Red 
Bock  of  Botherham,"  which,  in  accord  with  the  authors  of  the 
Memoir,  I  regard  (and  for  a  long  while  have  regarded)  as  an  upper 
inember  of  the  Coal-measures,     This  will  be  seen  on  reference  to 


186  Correspondence — Pro/esior  Edward  Hull 

my  paper  "  On  the  Upper  Limit  of  the  EasenUally  Marine  Beds  of 
the  Carboniferous  Series,"  *  where  this  and  the  "  Aokworth  rook " 
are  placed  in  my  Carboniferous  "  Stage  G."  It  is  therefore  futile 
to  controvert  a  point  which  has  never  been  asserted,  at  least  by 
myself.  The  Lower  Bed  Sandstone  of  truly  Permian  age  is  an 
entirely  different  rock«  both  in  geological  position  and  character. 
Whether  in  Lancashire,  Cheshire,  or  Durham,  it  is  quite  unlike  the 
Upper  Coal-measure  Sandstones,  and  it  never  ooonrrcKl  to  me  to  con- 
found  the  two  together,  as  has  been  done  by  Mr.  Wilson.  Again, 
on  referring  to  Professor  Ramsay*s  paper,  "  On  the  Triassic  and 
Permian  Hocks,"  it  seems  to  me  that  his  statement  refers  in  a  large 
measure  to  the  Upi)er  Coal-measure  Sandstones  of  Yorkshire  and 
Derbyshire,  above  described ;  but  in  any  case  it  will  be  found,  on 
referring  to  the  recently  published  6-inch  maps  of  the  Durham 
District,  that  the  Lower  Permian  Sandstone  is  distinctly  marked  at 
intervals  along  the  margin  of  the  Magnesian  Limestone,  under  the 
designation  of  "Yellow  Sand."  Besides,  neither  in  the  paper 
referred  to,  nor  in  the  new  edition  of  the  '*  Physical  Geology  of  Great 
Britain"  (1878),  does  Professor  Bomsay  throw  any  doubt  upon  the 
age  of  the  beds  represented  in  Lancashire  by  Mr.  Binney  and 
myself  as  of  Permian  age;  and  as  regards  the  question  under 
discussion  this  is  the  essential  point  I  repeat,  therefore,  that  allow- 
ing for  the  distance  by  which  they  are  separated,  the  Permian  beds 
on  either  side  of  the  Pennine  Chain  are  sufficiently  similar  in  posi« 
tion,  character,  and  succession,  to  admit  of  the  probability  that  they 
were  originally  continuous.  This  probability  is  reduced  to  a  certainty 
by  the  identity  of  the  fossils,  of  which  Mr.  Wilson  seems  to  take  little 
account 

Mr.  Wilson  has  referred  to  the  results  of  the  Scarle  boring.  Now, 
assuming  the  Carboniferous  rocks  which  were  reached  to  be  those  of 
the  uppermost  Coal-measures,  and  lying  2,000  feet  (as  Mr.  Wilson 
supposes)  above  the  highest  beds  cropping  out  along  the  borders  of 
the  Magnesian  Limestone  in  Derbyshire,  the  distance  being  thirty- 
five  miles,  has  Mr.  Wilson  calculated  what  the  dip  would  be? 
He  will  find  that  about  V  will  be  a  sufficient  angle  to  bring  them  in. 
Now,  I  have  never  denied  that  the  Coal-measures  have  a  slight  dip  in 
relation  to  the  Permian  beds ;  but  I  say  this  may  be  an  older  tilting 
than  that  which  upraised  the  Carboniferous  rooks  of  the  Pennine 
Chain. 

In  reference  to  the  general  question  of  the  relations  of  the  Triassic 
and  Permian  rocks,  I  am  at  variance  with  the  views  of  both  your 
correspondents.  I  think  I  may  claim  to  have  a  much  larger  personal 
knowledge  of  the  relations  of  these  rocks  over  the  central  and 
northern  counties  than  either  Mr.  Wilson  or  Mr.  Teall,  having  spent 
from  ten  to  a  dozen  years  in  mapping  them.  Knowing  also  the 
geology  of  Nottingham  from  personal  examination,  and  from  the 
observations  of  others,  I  have  no  hesitation  in  saying  that  the 
relations  of  these  two  formations  in  that  very  district  prove  distinctly 

ir  mutual  unconformity.    In  other  districts  this  unconformity  is 

>  Qnart  Joun.  GeoL  Soc.  Not.  1877,  p.  627. 
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often  more  olear  and  trenchant^  so  much  so  that  those  fathers  of 
British  geology  who  made  a  separation  between  the  Palsdozoio  and 
Mesozoic  groups  exercised  a  wise  discretion  in  making  the  divisioa 
at  the  junction  of  the  two  formations.  This  physical  break  is 
represented  by  the  remarkable  change  in  the  fauna  and  flora  of  the 
formations  on  either  side  of  the  boundary,  a  fact  which  I  fear  neither 
of  your  correspondents  has  sufficiently  considered. 

Edwabd  Hull. 


THE  AGE  OP  THE  PENNINE  CHAIN. 

Sib, — ^Having  giren  some  attention  during  the  past  few  ye^rs  to  the 
Permian  Formation  in  the  North-east  of  England,  I  should  feel  obliged 
if  you  would  allow  me  to  say  a  word  or  two  on  the  above  subject.  I 
can  corroborate  all  that  Mr.  £.  Wilson  has  said  with  respect  to  the 
physical  break  which  exists  on  the  north-east  side  of  Pennine  Chain 
between  the  Permian  and  Carboniferous  formations ;  for  at  some  of  the 
new  collieries  which  have  recently  been  put  down  through  the  Per- 
mians  in  the  Nottingham  and  Derbyshire  Coal-field,  the  difference 
in  dip  nearly  amounted  to  twenty  degrees,  whilst  in  every  case  the 
unconformability  between  the  two  formations  was  most  marked. 

The  westerly  attenuation  of  not  only  the  Marl  Slates  but  of  the 
Permian  Formation  as  a  whole,  and  the  sedimentary  materials  with 
which  on  the  west  it  is  intermingled,  point  to  the  existence  of  high 
ground  in  that  direction  during  Permian  times ;  whilst  the  great  dif- 
ferences which  undoubtedly  exist  in  the  character  and  thickness  of 
the  same  formation  on  both  sides  of  the  existing  anticlinal  are  facts 
altogether  in  favour  of  its  existence  at  the  time  these  deposits  were 
laid  down.  I  rememb§r  the  surprise  quite  well  which  Professor  Hull 
expressed  when  the  Scarle  boring  proved  the  Permians  to  attain  such 
a  vast  thickness  in  that  locality,  and  the  difficulty  he  experienced  in 
recognizing  the  Marl  Slates  (about  150  feet  in  thickness),  which  he 
afterwards  placed  in  the  Carboniferous  system. 

Under  these  circumstances,  I  fail  to  see  how  Professor  Hull  and  Mr. 
Teail  can  object  to  the  existence  of  the  Pennine  Chain  during  the 
deposition  of  the  Permian  formation,  when  such  reliable  facts  in  sup-* 
port  of  such  an  existence  can  be  produced. 

Mbxbobouoh,  near  Bothsrham.  Rowlani)  Gasooigne,  F.G.S. 


CEETACEOUS  GASTEROPODA. 

Sir, — ^Mr.  Wm.  Gault,  of  Belfast,  now  engaged  in  compiling  a  list 
of  the  Irish  Cretaceous  fossils,  has  kindly  forwarded  to  me  for  examina- 
tion those  which  appeared  to  be  Limpets  and  Dentalia.  The 
result  has  proved  that  the  Irish  species,  hitherto  known  as  Dentalium 
twianffulare  of  Fleming,  is  really  an  Annelid.  Mr.  Etheridge  and  Prof. 
Morris  agree  with  me  in  this  opinion,  but  it  is  especially  to  Dr.  Gwyu 
Jeffireys  that  I  am  indebted  for  a  most  critical  examination  He  states 
regarding  them — **They  differ  from  the  Solenoconchia  and  agree  with 
the  Testaceous  Annelida  in  the  following  particulars.  They  are  much 
more  solid  and  more  curved,  and  the  mouth  or  aperture  is  decidedly 
eoDstricted.     The  miorosoopic  structure  showing  the  lines  of  periodical 
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growth  or  accretion  is  such  as  occurs  in  Annulose  and  not  in  Mollus- 
cous shells.  One  of  the  specimens  contains  a  Ditrvpa  and  a  Spirorbit 
hoth  of  which  exhibit  precisely  the  same  kind  of  microscopic  structure."' 

While  some  of  the  supposed  patelliform  shells  cannot  be  placed 
among  the  Mollusca,  one  form,  of  which  there  are  two  specimens,  is 
Very  well  preserved  and  distinct.  It  is  referred  by  Gwyn  Jeffreys  to 
the  genus  Hipponyx^  of  which  no  upper  valyes  were  known  previously 
from  any  strata  below  the  Maestricht  Limestone,  although  the  lower 
valves  or  shelly  bases  had  been  met  with  in  both  the  Chalk  and  Qreen- 
snnd  in  England. 

They  are  from  the  Glauconitic  Marls  of  the  Black  Mountain,  Belfast, 
from  the  zone  of  Pecten  asper  of  Barrois. 

I  have  also  received  within  the  past  week  a  new  Emargintda  from 
the  Grey  Chalk  near  Folkestone,  which  differs  markedly  from  the  only 
form  hitherto  known,  J^.  Gresslyi,  from  that  locality.  I  hope  to  illus- 
trate both  these  in  a  future  number  of  the  Geological  Magazine. 

J.  Stabkie  Gabditee. 


COMPAEATIVE  PHYTOLOOY. 

Sra, — Some  very  indistinct  impressions,  or  rather  remains  of  leaves, 
were  forwarded  to  me  from  the  well-known  hazel-nut  bed  of  Brook  ia 
the  Isle  of  W  ight,  under  the  supposition  that  they  might  prove  to  be 
leaves  of  the  beech.  It  is  interesting  to  record  that  Baron  von  Kttings- 
hauaen  found  himself  able  to  at  once  pronounce  them  to  be  leaves  of 
CoryluSf  although  he  was  quite  unaware  that  they  had  been  found 
associated  with  the  nuts,  and  therefore  recognized  Uiem  entirely  from 
what  could  be  traced  of  their  venation,  for  the  outline  and  margin 
were  almost  wholly  obliterated.  J.  Siabkie  Gaednee. 


THE  TERM  "  SCHIST." 

Sib, — I  feel  rather  perplexed  by  some  observations  on  the  term 
'' schist"  made  by  Mr.  Allport  in  the  Geol.  Mag.  for  this  month.  A 
great  deal  of  confusion  at  present  prevails  as  to  the  exact  meaning  of 
the  word,  and  the  progress  of  our  knowledge,  as  I  know  by  experience, 
is  impeded  by  the  want  of  a  fixed  meaning.  Following  Jukes,  I  have 
usually  confined  the  terms  ''schist"  and  ''schistose"  to  a  rock  pos- 
sessing true  foliation,  as  defined  by  Darwin,  and  approved  by  Mr. 
Allport.  But  when  I  have  come  to  study  certain  "  schists "  in  the 
field,  I  have  found  them  to  be  simply  laminated  or  cleaved,  and  there- 
fore not  schists,  but  shales  or  slates.  It  has  appeared  to  me  that  we 
could  not  do  better  than  adhere  to  Jukes's  summary  of  the  different 
kinds  of  fissile  structure:  *Hhe  foliation  of  schist,  the  cleavaye  of  slatSf 
and  the  lamination  of  shale"  I  was  accordingly  cast  in  doubt  on 
finding  that  so  high  an  authority  as  Mr.  Allport  used  "  schistose  "  as 
equivalent  to  "  fissile,"  and  affirmed  that  "  the  term  schist  certainly 
ought  not  to  imply  or  include  foliation."  I  confess  I  do  not  see  why 
the  word  ''  fissile  "  could  not  be  used  for  rocks  which  do  not  come  into 
Jukes's  triad,  leaving  as  "  schistose "  undecomposed  and  unmetamor- 

^  See  Dr.  Owyn  Jeffreys'i  report  of  the  Vaiarom  Ezpeditioii,  Ftoo,  E.S.  1876. 
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phoBed.  I  write,  however,  less  as  a  critic  than  an  inquirer ;  and  for 
any  petrological  autocrat  or  parliament  who  will  fix  our  nomenclature, 
I  will,  as  in  duty  bound,  for  ever  pray.  C.  Callaway. 

Wbllinoton,  Salop,  March  4, 1880. 

THE    GLACIAL   DEPOSITS    OF   CROMER. 

Sib, — If  Mr.  Eeid  had  extended  his  observations  he  would  possibly 
have  suppressed  the  paper  which  appeared  in  your  pages  of  last  month. 
Geologists  will  find  the  refutation  of  it  in  the  structure  of  the  Wensum 
Valley  by  Poulshum,  Guist,  and  Pakenham,  where  the  beds  of  the 
Cromer  Cliff  have  been  cut  through  by  this  valley,  into  which  the 
chalky  clay  in  its  unmistakable  form  has  come,  resting  on  the  Middle 
Glacial  (a  later  part  of  it  than  that  which  caps  the  Cliff  section),  near 
the  valley  bottom,  but  wrapping  over  this  and  lying  upon  the  Till 
and  Contorted  Drift  direct  on  the  higher  slope  of  the  valley.  The 
instances,  however,  of  the  excavation  of  valleys  through  the  older 
Glacial  beds  and  Crag,  and  their  infilling  by  the  gravel  and  chalky  clay, 
are  universal  wherever  the  Contorted  Drift  extends,  and  occur  as  far 
south  as  the  southern  border  of  Suffolk. 

The  gentlemen  of  the  Survey,  confined  by  their  duties  to  very  limited 
areas,  form  some  of  them  very  decided  opinions  upon  the  whole  subject 
of  the  newer  Pliocene  formation  from  what  they  find  there.  Thus 
from  a  gentleman  employed  in  Cambridgeshire  and  West  Essex  we 
have  been  presented  with  one  theory  of  the  Glacial  formation ;  from 
another  who  was  employed  in  the  neighbourhood  of  the  Feu  country 
we  have  a  most  elaborate  theory  of  it,  which  in  most  respects  is  the 
exact  contrary  of  the  former ;  and  now  we  have  Mr.  Keid*s.  Prom 
gentlemen  unconnected  with  the  Survey  we  have  had  that  of  Mr. 
Gunn,  who  finds  everything  —  upper,  lower,  middle,  "the  great 
laminated  series,"  and  I  do  not  know  what  besides, — in  the  Cromer 
Cliff;  that  of  Mr.  Geo.  Maw,  who  made  out  that  the  beds  of  the 
Cromer  Cliff  were  posterior  to  the  chalky  clay,  and  analogous  in  posi- 
tion to  that  part  of  this  clay  which  Mr.  Harmer  showed,  in  1866,  lay 
in  valleys  cut  through  its  general  outspread  ;  and  that  of  the  late  Mr. 
Belt,  which  was  so  vast  and  extraordinary  as  to  be  beyond  definition 
here ;  and  besides  these,  there  are  my  own  more  moderate  views.  The 
principal  result  of  this  excogitation  must  be  that  geologists  in  general 
infer  that  we  are  all  quite  in  the  dark,  and  I  suspect  are,  many  of 
them,  laughing  at  us. 

Dr.  CroU  has  in  your  pages  insisted  that  the  Glacial  Clay  of  Holder- 
ness,  which  is  without  contortions,  and  contains  numerous  horizontal 
beds  of  sand  or  gravel,  is  the  bed  of  the  North  Sea  between  England 
and  Scandinavia  shoved  bodily  over  Yorkshire  by  the  Scandinavian 
ice ;  and  this,  moreover,  without  disturbing  the  Chalk  fioor.  Mr. 
Beid  now  has  it  that  this  ice  has  shoved  Norfolk  out  of  its  place  (still 
without  disturbing  the  Chalk  floor)  and  crumpled  up  the  county. 
Beside,  and  in  contrast  with  these  hypotheses,  we  have  Mr.  Geikie 
and  Mr.  Skertchley  insisting  that  the  morainic  clay,  which  is  seen  for 
miles  overlying  sand  and  gravel  in  the  North  Suffolk  cliff,  has  been 
dragged  thus  over  by  the  ice,  without  even  the  layer  of  sand  actually 
in  contact  with  it  being  disturbed.    These  things  are  so  far  beyond 
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inj  feeble  powers  of  compTehension  that  all  I  can  do  is  reTerentiallj  to 
take  ofiP  my  hat  to  these  soTeral  geotlemen,  and  subside ;  maintaining, 
nevertheless,  that  the  delineation  given  by  Mr.  Harmer  and  myself  ia 
1871  of  the  beds  of  the  Cromer  Cliff  is  (snbject  to  the  clearing  up  of 
what  may  be  involved  in  the  unconformity  in  the  midst  of  the  Lower 
Glacial  of  the  cliff  at  Hasborough,  and  eastwards  of  that  place,  to  which 
we  called  attention  by  sections  and  remarks)  quite  correct,  Mr.  Keid's 
many  subdivisions  notwithstanding ;  as  is  also  the  age  and  positioo  of 
the  beds  of  the  Cromer  Cliff  section,  relatively  to  the  chalky  day  that 
we  assigned  to  them.  As  regards  the  mode  in  which  the  morainio  day 
was  laid  over  the  sand,  I  have  in  a  paper  sent  in  to  the  Geological 
Society,  and  now  awaiting  its  turn  for  reading,  given  my  view. 

Seasles  Y.  Wood,  jun. 

DE.  CROLL'S  ECCENTEICITY  THEORY. 

Sib, — May  I  be  allowed  to  suggest  to  Dr.  Croll  that  he  should  offer 
dome  explanation  how  the  glaciation  of  North  America,  as  compared 
with  that  of  Europe,  is  to  be  reconciled  with  his  theory.  'Ihe  dif- 
ference between  the  F.astem  side  of  North  America  and  that  of  the 
west  of  Europe  is  admitted  to  be  the  result  of  the  ocean  currents  now 
existing ;  but  the  glaciation  of  the  two  regions  was  merely  an  equal 
increase  of  the  cold  in  both,  without  change  in  their  relative  propor- 
tions ;  the  same  differences  which  now  exist  being  shown  by  the  limit 
to  which  glacial  evidences  extend  in  both  regions  to  have  obtained 
during  that  glaciation. 

This,  as  I  have  on  more  than  one  occasion  observed,  appears  to  me 
to  be  a  conclusive  objection  to  Dr.  Croll's  theory,  which  he  admits  to 
be  baseless  unless  there  were  a  complete  diversion  of  the  warm  ocean 
currents  from  the  hemisphere  glaciated ;  and  its  satisfactory  removal 
would  to  my  mind  be  worth  any  amount  of  those  subtle  reasonings  on 
the  physics  of  heat  in  which  Dr.  Croll  is  so  fertile,  but  which  seem  to 
me  to  be  obnoxious  to  the  reproach  often  levelled  at  figures,  viz.  that 
they  may  be  made  to  prove  anything.  Beables  V.  Wood,  jun. 


ECCENTRICITY  AND  GLACIAL  EPOCHS. 

Pie, — Dr.  Croll  in  his  article  in  February  last  speaks  of  an  erroneous 
assumption,  that  if  the  annual  receipt  of  heat  be  far  more  than  suffi- 
cient to  melt  the  annual  snow-fall,  then  such  snow  must  be  melted. 

He  does  not  point  out  wherein  the  error  lies,  and  I  feel  very  doubt- 
ful whether  I  understand  what  he  is  referring  to.  The  assumption, 
he  says,  is  totally  opposed  to  the  known  facts  of  Greenland.  This 
statement  seems  rather  too  strong.  He  quotes  Meech's  calculation 
that  the  heat  received  there,  neglecting  that  cut  off  by  the  atmosphere, 
is  enough  to  melt  50  feet  of  ice.  We  must  make  allowance  for  tha 
great  thickness  of  air  traversed  by  the  sun's  rays,  and  for  the  loss  of 
heat  by  the  great  obliquity  of  reflexion.  A  very  rude  calculation,  with 
no  pretence  to  accuracy,  brings  out  that  these  reduce  the  heat  received 
by  the  ground,  to  sufficient  for  melting  only  some  16  feet  of  ice. 
Since  to  vaporizp  ice  requires  74  times  as  much  heat  as  to  melt  it» 
this  would  dissipate  by  evaporation  only  little  more  than  two  feet 
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annually.  But  the  annual  precipitation  amounts  to  one  foot.  If  we 
suppose  this  to  he  formed  during  the  winter,  then  the  heat  given  off 
in  winter  by  radiation  is  as  much  as  would  evaporate  one  foot. 

Hadiation  goes  on  in  summer  as  well  as  in  winter,  iodeed  more 
actively,  as  then  temperatures  are  higher.  This  has  to  be  compensated 
out  of  the  heat  then  being  received.  Thus,  out  of  the  heat  received 
during  summer,  as  much  as  will  evaporate  more  than  one  foot  of 
ice  is  spent  simply  in  replacing  the  heat  being  radiated  away.  The 
heat  ultimately  left  will  scarcely  be  sufficient  to  evaporate  the  one  foot 
of  ice  which  we  had  to  account  for.  Thus  even  neglecting  the  effects 
of  the  fall  of  temperature  far  below  freezing-point  in  winter,  the  in-^ 
terception  of  solar  heat  by  fogs  in  Spring,  and  other  possible  causes, 
it  is  still  conceivable  for  the  calculated  heat  to  fall  on  Greenland,  and 
yet  not  dissipate  so  much  as  the  observed  amount  of  ice. 

The  above  calculation  gives  some  idea  of  the  diverse  results  which 
may  be  obtained  when  we  reason  on  uncertain  assumptions.  The  heat 
given  off  in  forming  a  foot  of  snow  or  ice  out  of  vapour,  if  applied  to 
changing  snow  or  ice  back  merely  into  water,  would  liquefy  nearly 
eight  times  as  much.  Whether  solar  heat  would  melt  or  evaporate  the 
ice  into  which  it  entered  probably  depends  on  the  dryness  or  dampness 
of  the  air.  This  suggests,  what  I  have  often  thought  probable,  that  to 
know  better  the  laws  of  winds  might  be  very  helpful  in  the  study  of 
Glacial  Periods. 

The  suggestion  of  Dr.  Roberts's  lucid  letter,  that  the  heat  disengaged 
in  the  formation  of  snow,  being  disengaged  in  the  upper  regions  of  the 
air,  produces  little  effect  at  the  ground,  is  well  worthy  of  consideration. 
The  same  is  probably  true  of  rain,  and  over  not  merely  Arctic  regions 
but  the  whole  surface  of  the  globe.  But  to  make  this  action  available 
in  support  of  the  theory  under  discussion,  we  must  show  that  its  effect 
can  he  increased  by  increase  of  eccentricity.  It  is  not  sufficient  to 
prove  that  it  is  intensified  by  rising  temperatures,  unless  it  also  be 
shown  not  to  be  correspondingly  enfeebled  when  they  fall.  This  re* 
mark  applies  to  many  suggested  actions.  Eccentricity  when  it  seems 
to  throw  a  sword  into  one  scale,  often  places  in  the  other  scale  a  shield. 

E.  Hell. 


THE    KURILE    ISLANDS. 


SuL, — The  following  notes  upon  the  Kurile  Islands  were  obtained 
from  Mr.  J.  8now,  a  gentleman  who  has  spent  several  summers  cruis- 
ing amongst  this  interesting  group  of  volcanos,  whilst  engaged  in  otter 
hunting.  I  offer  them  to  you  as  supplementary  to  what  I  wrote  upon 
these  islands  myself  in  1878  (see  Geolooicai.  Magazine,  Decade  II. 
Vol.  VI.  pp.  337—348). 

Chimoi  Islands. — On  May  29th,  1879,  smoke  or  steam  was  seen  to 
be  issuing  from  the  northern  of  these  two  islands.  It  is  possible  that 
the  eruption  may  have  commenced  before  this  date.  On  the  30th, 
at  intervals  of  from  ^  to  ^  an  hour,  loud  explosions  were  heard.  During 
the  night  the  mountain  was  seen  to  be  covered  with  fire.  The  eruption 
aeems  to  hare  formed  a  new  point  of  land.  On  the  island  there  are 
fimr  eonesy  aU  of  which  .give  off  steam*    Of  these  four,  the  most  northetiL 
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one  is  the  highest.     It  was  the  two  smaller  ones  which  erapted 
this  year. 

Iturup, — ^At  the  south-west  end  of  this  island  there  b  a  mountain 
which  was  seen  to  give  ofp  steam  for  the  first  time  in  1879. 

Simusir, — At  the  south  end  of  this  island  there  is  a  mountain  which 
gives  off  steam. 

Ushishir, — From  this  island  a  little  steam  is  given  off. 

Itashua. — ^This  island  also  gives  off  a  little  steam. 

Shatskotan. — Not  only  does  steam  issue  from  the  north-east  end  of 
this  island,  but  it  also  issues  at  the  south  end.  The  state  of  activity- 
appears  to  be  greater  than  on  Simusir,  but  less  than  it  is  on  Chimoi. 

Kharim  Kotan, — This  island  gives  off  a  little  steam. 

Onekotan, — A  little  steam  is  given  off  from  the  mountains  at  both 
ends  of  this  island. 

When  I  wrote  ahout  the  Kurile  Islands,  I  only  mentioned  nine 
mountains,  which  were  seen  to  be  giving  off  steam.  The  numbers 
of  such  mountains  will  now  be  increased  to  17.  Of  well-defined  vol- 
canic peaks  I  saw  fifty-two.  Forty-three  of  these  were  at  that  time 
(1878)  apparently  extinct.  From  Mr.  Snow's  observations  we  now  see 
that  several  of  these  shortly  afterwards,  that  is,  in  1879,  became  active. 
The  number  is  in  fact  variable,  and,  for  aught  we  know,  the  number 
of  active  cones  in  the  Eurile  Islands  may  at  the  present  moment  be 
different  from  what  it  was  when  I  was  there,  or  when  Mr.  Snow  was 
there.  We  have  in  fact  in  the  case  of  the  Eurile  Islands  a  remarkable 
example  of  the  futility  in  attempting  to  enumerate  the  number  of 
active  cones  in  any  given  area.  The  number  is  ever  changing,  but  on 
the  whole  it  is  probably  growing  less.  It  may  roughly,  perhaps, 
follow  some  law  analogous  to  a  rate  of  cooling.  For  any  one  short 
period  we  may  perhaps  determine  the  number  approximately,  and  it 
is  only  in  this  way  that  we  can  regard  enumerations  like  the  oft- re- 
peated lists,  as,  for  instance,  those  by  Humboldt,  which  tell  us  tliat 
there  are  only  225  active  volcanos  in  the  world. 

As  to  what  is  a  volcano,  whether  it  is  active,  dormant,  or  extinct, 
and  how  volcanos  are  to  be  enumerated,  are  questions  which  require 
discussion,  and  upon  which  I  hope  to  offer  a  few  remarks  in  a  con- 
tribution which  1  am  preparing  upon  the  volcanos  of  Japan. 

In  conclusion,  I  may  remark,  that  through  the  kindness  of  Mr.  Snow, 
I  have  obtained  a  few  more  specimens  of  rocks  frx)m  the  Euriles. 
These  are  like  those  which  I  obtained  before,  namely,  Andesites, — a 
class  of  rock  which  seems  to  be  as  characteristic  of  the  Pacific  area  as 
Basalts  are  of  the  Atlantic.  J.  Milne. 

Tedo,  Japan,  Jan,  11, 1880. 
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Okolooical  Subtit  of  Japak.— Reports  of  Progreas  for  1878  and  1870.  By  B.  8.  Lyman. 
Tokei,  1879.  These  reports  give  a  short  statement  of  the  work  carried  on  in  the  field  during 
1878  and  part  of  1879*  Besides  descriptions  of  the  metalliferous  deposits  of  gold,  silver,  and 
lead,  attention  was  paid  to  the  extent  and  yield  of  the  coal-fields  of  Yesso;  it  appears  that  the 

EroductiTe  coal-fields  as  at  present  ascertained  occupy  about  350  square  miles.  The  chief  aim, 
owerer,  was  to  finish  the  f  unrey  of  the  oil  lands  of  Japan,  to  complete  the  reconnaissance  of 
the  whole  country  that  had  already  been  begun,  and  to  ascertain  what  places  moat  needed  detailed 
surreys.  The  reports  are  accompanied  by  a  small  map  of  the  eastern  part  of  Asia,  to  show  the 
position  of  the  produotive  coal-fields  of  Yesso,  Japan,  and  geological  and  topographical  maps  of 
the  Kayanoma,  Nuppaomanai  and  Bibai  coal-fields.  Tables  are  also  giTen  of  the  principal  tacts 
in  regu^  to  the  oil  wells  of  Aldta  Ken,  and  of  all  Japan.— J.  M. 
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I. — Notes  on  the  Anomalootstidjs,  a  Remarkable  Fashlt  of 
Ctstotdea,  found  in  the  Silurian  Books  of  North  America 
AND  Britain. 

By  Hbn&t  Woodward,  LL.D.,  F.R.S.,  F.G.S.; 
of  the  British  Musenm. 

(PLATE  VI.) 

11WENTY-TW0  years  ago,  Mr.  E.  Billings,  F.G.S.,  the  late 
excellent  palsdontologist  to  the  Geologicd  Survey  of  Canada, 
completed  and  published  Decade  iii.  of  his  "  Figures  and  Descriptions 
of  Canadian  Organic  Remains"  (Montreal,  1858),  containing  an 
admirable  monograph  on  "the  Cystideaa  of  the  Lower  Silurian 
Rocks  of  Canada,"  wherein  (at  pp.  72-74)  he  gives  a  clear  and 
concise  account  of  a  very  extraordinary  fossil  Cystidean,  with  a  very 
poor  woodcut  figure  of  one  side,  the  plates  of  which  he  clearly 
describes.  To  this  fossil  he  gave  the  name  of  Ateleocyatitea  Huxleyi, 
The  specimen  was  obtained  from  the  Trenton  Limestone,  near 
Ottawa,  Canada.     (See  our  Plate  VI.  Fig.  1.) 

Following  immediately  upon  this  Canadian  Memoir  appeared,  in 
1859,  the  third  volume  of  Prof.  James  Hall's  magnificent  work,  the 
Palaeontology  of  New  York ;  wherein  (at  p.  132)  he  describes  a  new 
geuus  of  Cystoidea,  closely  related  to  the  above,  under  the  name  of 
Anomaloeyatites.  Two  species  are  described  by  Prof.  Hall,  namely, 
A,  comutus  (ap,  cit  p.  133,  pi.  vii.  A.  figs.  5-7),  from  the  Pentamerus 
Limestone,  Lower  Helderberg  group,  Litchfield,  Herkimer  Co.,  and 
A.  disparilis  (op.  cit,  p.  145,  pi.  Ixxxviii.  figs.  1-4),  from  the  Oriskany 
Sandstone,  Cumberland,  Maryland.     (PL  VI.  Figs.  2-5.) 

In  1859  Prof.  James  Hall  (Palaeontology  of  New  York,  vol.  iii. 
p.  132)  thus  described  his  genus  Anomalocystitea: 

'*  Body  semielliptical  or  semiovoid,  sides  unequal ;  the  vertical 
outline  oval  or  ovoid,  plano-convex,  or  concavo-convex ;  the  trans- 
verse outline  semielliptical,  the  base  of  which  is  straight  or  more 
or  less  concave ;  the  two  sides  composed  of  an  unequal  number  of 
plates.  Basal  plates,  three  on  the  convex  side,  two  on  the  concave 
Bide:  second  series,  two  large  plates  at  the  angles,  and  four  (or 
five  ?)  on  the  convex  side :  third  series,  four  on  the  convex  side 
one  at  each  angle,  and  a  large  plate  on  the  concave  side  :  a  fourth, 
fifth,  and  sixth  series  of  plates  on  the  convex  side,  and  a  fourth 
Series  on  the  concave  side.  Base  oblique,  with  the  convex  side 
longer,   and  a  deep   concavity  for  the  insertion  of   the  column. 
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Pectinated  rhombs  apparently  none.  Arms  unknown.  Golnmn 
deeply  inserted  into  the  body,  composed  of  large  joints  above, 
becoming  smaller  below." 

In  the  Bulletin  de  TAcadSmie  Boyal,  Brazelles,  1869  (2nde  serie, 
tome  xxviii.  pp.  57-65,  Planche),  Prof.  L.  G.  de  Koninck,  of  Li^, 
gives  descriptions  of  ''some  new  and  remarkable  Echinoderms 
from  the  British  Palaeozoic  Rocks."  This  paper,  a  translation  of 
which  I  published,  together  with  the  original  plate,  in  London  (see 
Geological  Magazine,  1870,  Vol.  VII.  pp.  258-263,  PL  VII.), 
gives,  among  others,  a  fairly  accurate  description  (as  far  as  could  be 
made  out  from  the  specimen)  of  a  new  Cystidean  from  the  Upper 
Silurian  of  Dudley,  under  the  name  of  Plaeocystites  Forhesii.^ 

I  appended  a  note  to  this  paper  (on  p.  261,  Geol.  Mao.  1870), 
adding  further  details  concerning  this  fossil,  and  I  also  then  expressed 
my  conviction  that  Placocystites  Forhesiiy  De  Kon.,  and  Ateleocystiies 
Huxley i,  Billings,  would  probably  hereafter  be  shown  to  be  the 
"  anterior  "  and  "  posterior  "  surfaces  of  the  same  Cystidean." 

Having  obtained  a  large  series  of  Flacocystites  Forbesiiy  De  Kon., 
from  Dudley,  I  was  enabled  to  make  an  accurate  drawing  of  both 
the  *'  dorsal  "  and  '^  ventral "  aspect  of  this  anomalous  fossil,  which 
I  forwarded,  in  1870,  by  Sir  W.  E.  Logan,  to  Mr.  E.  Billings  in 
Montreal.  His  reply,  together  with  my  figures  and  remarks  thereon, 
appeared  in  the  Geological  Magazine  for  1871  (Vol.  VIII.  pp. 
71-72  and  woodcut),  which  are  reprinted  herewith. 

I  subjoin  a  copy  of  the  woodcut,  and  have  drawn  up  a  brief 
description  of  Ateleocystiies  (Placocystitea)  Forhenif  De  Koninck,  as 
it  has  never  been  heretofore  fully  described. 

Order— CYSTOIDEA. 

Family. — Anomalootstid^. 

Genus. — Ateleocystitea,  Billings,  1858. 

Syn.     Anoinalocy8tite9y  Hall,  1859. 

PlaeoeyatitM^  Be  Koninck,  1869. 
P  AUUocy8tite»,  Meek,  1873. 
Enoploura,  Wetherby,  1879. 

Genus. — Body  compressed  in  form,  posterior  side  convex,  anterior 
side  concave,  composed  of  about  four  series  of  plates,  more  numerous 
and  more  symmetrically  disposed  on  the  convex  side,  less  numerous 
and  somewhat  less  symmetrically  disposed  on  the  concave  side. 
All  the  body-plates  (with  the  exception  of  the  ovarian  plate) 
having  a  finely  striated  and  wavy  ornamentation,  running  in  an 
obliquely-transverse  direction  across  their  surface. 

The  **  anal "  plate  is  placed  on  the  central  line  on  the  convex  side  * 
of  the  body  at  the  junction  of  two  plates  placed  in  juxtaposition  and 
immediately  above  the  "  ovarian "  plate.  Arms  two  or  more  in 
number,  pinnulsd  small  or  absent  ?    Base  excavated  for  the  insertion 

1  Only  the  convex  side  was  examined  and  described  by  Prof,  de  Koninck;  the 
concave  side  yielded  no  information  to  its  learned  investigator,  being  imperfect. 

^  In  this  it  appears  I  was  in  error.  Mr.  Billings  did  not  affirm  them  to  be 
actually  the  same  species,  bnt  only  to  belong  to  the  same  genus ;  I  misread  his  note 
to  me  at  the  time.    M.  de  Eoninck's  species  should  therefore  be  retained. 

s  JEteferred  to  by  Billings  as  the  **  vmtral "  side. 
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of  the  colamn,  which  (as  in  Glyptocyatiiea,  Plmroeystites,  and  many 
others)  was  comparatively  large  at  its  attachment  to  the  body,  and 
was  composed  of  narrow,  somewhat  compressed  rings,  to  fit  the 
flattened  form  of  the  base  of  the  body.  These  rings  appear  to  have 
diminished  rapidly  in  size  downwards,  as  in  most  other  Cystideans. 

Specibs. — Ateleocystites  (Placocystites)  Forheni,  De  Koninck,  1869. 

• Bull.  Acad.  Roy.  fimxelles,  2nde  sdrie,  tome  xxviii.  pp. 

67-66,  ayec  Planche. 

Geol.  Mao.  1870,  Vol.  VII.  p.  260,  PI.  VII.  Figs.  2-5. 

AtekocpMtitts  (FlaeoeytiUu)  Huxleyiy  H.  Woodw.  {non  Billings),  Geol.   Mao. 

1871,  p.  71. 

j^lcheriy  Salter,  Cat.  Camb.  et  Sil.  Foss.  "Woodw. 

MuB.  Camb.  1872,  p.  128. 

General  form  of  body  oblong,  compressed,  especially  at  the  lateral 
margins,  which  are  sharply  carinated ;  convex  on  the  posterior  side, 
concave  on  the  anterior  side ;  having  the  lower  angles  rounded  and 
the  base  somewhat  deeply  emarginated  to  receive  the  column.  The 
body  on  each  side  composed  of  three  oblong  carinated  marginal 
plates,  placed  one  above  the  other,  forming  a  ^*  radial  series  "  (Hall ; 
De  Koninck).  In  addition  to  these,  the  posterior  or  convex  side  is 
covered  by  13  small  polygonal  plates,  and  the  anterior  or  concave 
side  by  7  irregularly-shaped  oblong  plates,  the  three  lower  of  which 
are  by  far  the  largest  The  two  lower  marginal  or  *  radial  *  plates 
are  longer  than  wide,  and  all  three  plates  are  so  unequally  folded 
over  the  sharply  compressed  lateral  border  as  to  give  two-thirds  of 
their  breadth  to  cover  the  concave  anterior  side  of  the  body,  and 
only  one-third  to  the  convex  posterior  side.  The  lowest  pair  of 
carinated  radial  plates  is  strongly  recurved,  bending  round  the 
inferior  margin  of  the  body,  and  uniting  with  the  small  basal  plates 
that  encircle  the  articular  surface  for  the  column. 

On  the  concave  anterior  side,  between  these  lowest  pair  of 
marginal  plates,  are  seen  two  symmetrical  oblong  plates,  about  twice 
as  high  as  wide;  slightly  broader  at  their  lower  half,  tlieir  outer 
margins  curved,  their  inner  or  median  ones  quite  straight,  their  lower 
borders  emarginated  to  receive  the  column. 

Besting  upon  the  upper  edges  of  these  two  plates  is  a  single  large 
oblong  plate,  the  right-hand  upper  corner  of  which  is  truncated, 
giving  insertion  to  a  small  and  somewhat  irregularly-shaped  trian- 
gular plate ;  these  plates  are  flanked  by  two  large  oblong  marginal 
or  radial  plates,  followed  by  two  very  much  smaller  ones  resting 
upon  them  ;  these  latter  serve  to  complete  the  superior  angles  of  the 
body,  and  give  insertion  to  two  arms  or  tentacles,  at  their  upper  edge. 
Three  small  plates,  broader  than  deep,  form  the  summit  of  the  body 
on  the  concave  or  anterior  side. 

On  the  convex  posterior  side,  the  arrangement  of  the  plates  is  per- 
fectly symmetrical,  including  the  borders  of  the  marginal  or  radial 
plates.  The  base  supports  a  horizontal  series  of  three  plates,  a 
btoad  median  hexagonal  plate,  bearing  a  little  to  one  side,  a  small 
Cttoular  plate  covering  the  *  ovarian '  aperture.  The  two  lateral 
plates,  placed  next  to  the  median  hexagonal  plate,  encircle  that  plate 
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at  its  base  and  join  with  it  to  form  the  lower  border  of  the  body,  and 
rest  upon  the  two  narrow  *  basals '  that  encircle  the  attachment  for 
the  column.  Above  these  is  a  second  horizontal  series  of  four  plates, 
resting  upon  and  alternating  with  the  plates  beneath.  In  this  way 
the  suture  becomes  median,  and  it  is  upon  this  suture,  and  towards 
the  middle  of  the  two  centre  plates,  that  the  "  anal  plate  "  is  situated ; 
it  is  circular  and  about  3  mm.  in  diameter.  The  series  which 
follows  that  inclosing  the  anal  plate  is  only  composed  of  three 
2)lates,  a  little  longer  than  broad,  alternating  with  those  which  serve 
as  their  supporta,  the  median  plate  being  the  broadest.  The  sammit 
is  also  composed  of  tliree  small  plates,  of  which,  as  in  the  preced- 
ing, the  centre  one  is  the  largest. 

The  plates  covering  the  body,  with  the  exception  of  the  small 
'  anal/  *  ovarian,'  and '  hasnl  plates,'  are  all  similarly  ornamented  with 
fine  raised  wavy  strisa  running  obliquely-transversely  across  their 
surface.^  This  well-marked  ornamentation  has  been  observed  by  £. 
Billings  (Montreal),  Prof.  Jas.  Hall  (Albany,  N.Y.),  and  F.  B.  Meek 
(Cincinnati),  as  characteristic  of  American  species  of  Cystoidea 
belonging  to  this  group. 

In  the  Geological  Magazine  for  1871,  Vol.  VIII.  pp.  71-72,  I 
publifihed  a  *'  Note  on  a  New  British  Cystidean,"  with  a  woodcut 
giving  figures  of  anterior  and  posterior  side  of  AieleocyatiteB  (Placo- 
qjstites)  Forbeaii,  De  Koninck  sp.,  together  with  a  note  by  Mr.  K 
Billings,  which  I  here  reproduce : — 

"  Deab  Sir, — Sir  W.  E.  Logan  gave  me  your  sketch  of  PlaeocystileSf 
and  I  have  this  morning  re-examined  all  of  our  specimens,  and  also 
compared  Prof,  de  Koninck*s  figures  and  descriptions  in  the  article 
in  the  Geol.  Mag.  to  which  you  refer.  Placoeystites  and  Ateleo- 
cystitea  are  undoubtedly  the  same,  as  suggested  by  you. 

"  Anomalocystites,  Hall  (Pal.  N.Y.,  vol.  iii.  p.  134,  pi.  7a  and  88), 
is  also  the  same  genus.  The  number  of  plates  is  different  in  the 
English,  Canadian,  and  New  York  species,  but  this  does  not  matter 
in  such  a  genus  of  Cystideans  as  this.  Since  my  Decade  was  pub- 
lished, we  have  collected  several  additional  specimens  of  A.  Huxleyif 
but,  uufoii;unately,  none  of  them  give  any  new  information.  They 
are  all  imbedded  in  the  rock,  and  all  show  the  same — the  concave 
side.  The  four  species — Atehocystites  Huxleyt,  Billings,  Lower  Sil. ; 
Flacocystites  Forhesianus,  De  Koninck,  Upper  Sil. ;  Anomalocystiiee 
cornutus,  Hall,  Upper  Sil. ;  Anomalocystites  disparilis,  Hall,  Devonian 
— are  all  composed  of  a  limited  number  of  plates  not  arranged  in 
regular  series,  their  bodies  convex  on  one  side  and  concave  on  the 
other.  The  first  three  have  the  plates  transversely  striated  in  a 
peculiar  manner,  and  most  probably  good  specimens  of  the  fourth 
would  show  the  same  surface  character.     This  striation  is  of  the 

^  I  am  only  acquainted  with  one  other  organism  from  the  Upper  Silurian  rodu 
which  is  similarly  ornamented,  namely,  the  plates  of  TurriUpaa. 

Future  discoveries  may  possibly  enable  us  to  correlate  this  anomalous  Cirripede  (F) 
with  our  AteUocyttitett  but  at  present  we  have  not  the  evidence  before  us  tor 
doing  BO. 
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tune  kind  in  all,  and  differs  in  aspect  from  tliat  of  any  other  Cyeti- 
dean  genus  known.  It  is  bo  peculiar  that  it  appears  to  be  near  a  sort 
ot  a  ffroup  character,  so  to  speak,  like  the  scale -markings  of  some  of 
tbe  Cmstacea.*  These  points  of  agreement  are  of  such  a  nature  that, 
slthoagh  none  of  the  species  have  been  as  yet  dmonbed  on  good 
speoimens,  they  seem  quit«  suffioient  to  prove  that  they  are  oongenerio. 
"AMib-eai,  1871.  E.  BiixinOs." 

We  snbjoin  figures  of  the  anterior  and  posterior  surtaoes  of  this 
remarkable  Cystidean  for  the  elutiidation  of  which  we  nowposaess  a 
Teiy  fine  senes  of  speoimens,  many  of  which  have  been  collected  by 
C.  Eetlsy  Esq  The  original  of  Fig.  1  was  obtained  by  J.  Gray, 
Esq  (All  the  above  speoimens  are  in  the  British  Museum,  and  were 
obt«ined  from  the  Wenlook  Limestone,  Wren's  Nest,  Dudley.) 


AUleoeytlitei  {FlamcyttiUt)  Forbeiianut,  De  Kon.  sp. 


„  *.  View 

or  tentacles  [f,  (]. 
„  G.  Portion  of  the  columii  near  the  bodf :   drawn  fiom  epecimene  huTing  a 

portion  of  tlie  colnnin  itiJl  remaining  attached. 
„  6.  n,  i,  e.  Three  riewa  of  a  small  tapering  colnmn  found  detached,  but  haTing 

the  Bame  charBCteristio  Mnilptare  visible  npon  its   joints  obaerved  in 

Ataleocfilila.    Frolwbly  the  lo<rer  eitremity  of  the  column, 
n  7.  One  of  the  arma,  or  tentadea,  drawn  from  a  specimen,  havini^  the  arme  still 

attacb»d  io  the  body. 

No  other  form  belonging  to  this  anomalous  group  was  recorded, 
until  Mr.  F.  B.  Meek  deeoribed  and  figured  in  the  tieological  Survey 
of  Ohio,  1673  (p.  41,  pL  3  bis,  figs.  6,  a,  b,  c),  the  fragmentary 
ransiDB  of  a  new  species,  evidently  closely  related  to  AUleocyxlUet 
Bwdeyi^nnderthenameof  JnomaIocyatif«s(Afefeoi^ifiJ««^)  halanoidet, 
Ueek,  the  description  of  which  we  subjoin  : — 

n  "  Compare  the  oraamentation  of  Auttoeyttitet  with  the  plate*  of  Turriltpai 
rnaluU,  also  from  the  Wenlock  Shale  and  Limestone,  Dudley  [figured  and  described 
kji  Woodward,  in  the  Quart.  Jonni.  Geol.  Soc.   1865,  vol.  ili.  pi.  liv.  figs.  In 

*-'■     See  also  GaoL.  Mag.  Vol.  II.  1866,  p.  470  (Woodcut)].     "-  '"- ■•■'- 

".  relationship  eiists  between   these  two 

'■  (Obol.   Mao.  1871,  Vel.  VIII.  p.  7i.}] 
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Anomalocyatitea  (Ateleocystitei  f)  halanoideSf  Meek.     Part  ii.  vol.  i. 
Gaol.  Surv.  Ohio,  1873,  p.  41,  pi.  3  bis,  figs.  6,  a,  &,  c. 

**  The  only  specimens  of  this  fossil  that  1  have  seen  are  in  a  bad 
state  of  preservation,  being  distorted  by  pressure,  and  consisting 
only  of  the  lower  portions  of  the  body,  and  some  of  the  extremely 
thin  segments  of  the  thickened  part  of  the  column  connecting  with 
the  base  of  the  same.  One  side  of  the  body  was  evidently  flat,  or  a 
little  concave,  and  the  other  convex ;  and  ike  entire  outline,  as  seen 
on  either  of  these  sides,  was  probably  oblong-suboval ;  while  the 
lateral  margins  are  distinctly  carinated,  at  least  toward  the  lower 
part 

'*The  surface  is  finely  and  obscurely  granulo-striated,  these 
markings  showing  a  tendency  to  run  longitudinally  on  the  marginal 
pieces,  and  transversely  (but  much  interrupted  and  broken  up) 
on  the  middle  pieces  of  the  flat  side.  On  the  convex  side  they 
generally  assume  more  the  character  of  obscure  irregular  granules, 
excepting  near  the  lower  ends  of  the  two  lateral  of  the  three 
principal  pieces,  where  they  become  a  little  more  n^larly  arranged, 
rather  distinct,  raised  transverse  lines. 

"  Tlie  column  was  evidently  comparatively  very  large  at  its  con- 
nexion with  the  body,  and  composed  of  extremely  thin  pieces,  that 
are  not  transverse,  but  (at  least  near  the  body)  bent  or  deflected,  so 
as  to  conform  to  the  sinuous  margins  of  the  base  of  the  body.  It 
also  seems  probable  that  the  habitual  posture  of  the  body,  with 
relation  to  the  column,  was  such  that  the  two  were  not  on  a  line 
with  each  other,  but  more  or  less  flexed  or  bent,  so  that  the  column 
connected  with  the  body  obliquely,  somewhat  as  in  Eucheiroerinus 
(Cheirocrinua,  Hall,  1860;  not  Eichwald,  1856).  At  least  the  much 
deeper  sinus  for  the  connexion  of  the  column,  in  the  lower  range 
of  pieces  on  the  flat  side,  than  on  the  convex,  would  favour  such 
conclusion. 

"  Length  of  body  unknown,  but  it  measures  0*93  inch  in  brecidth, 
and  about  0*40  inch  in  convexity,  near  the  lower  part ;  breadth  of 
upper  end  of  column,  about  0*49  inch. 

**  Although  this  species  is  evidently  closely  allied  to  the  genera 
Anomahcyatitea  and  Ateleocysiites,  I  am  not  positively  sure  that  it 
would  be  found  exactly  congeneric  with  either,  if  we  had  the  means 
of  comparing  its  entire  structure  with  that  of  the  types  of  these 
groups,  which  are  very  closely  related  to  each  other.  It  certainly 
diflers  conspicuously,  at  least  in  its  specific  characters,  from  the 
typical  and  only  known  forms  of  these  groups.  In  the  first  place,  it 
is  much  larger  than  Anomalocystites  comuiuSy  and  has  the  middle 
two  pieces  of  its  lower  range  on  the  flat  side  proportionally  longer — 
that  is,  longer  than  the  marginal  pieces,  instead  of  the  reverse.  Its 
base  is  also  more  deeply  sinuous  on  this  side  than  in  the  New  York 
species.  On  comparing  its  convex  side  with  that  of  A,  comutus,  we 
observe  still  more  marked  difl'erences;  the  three  principal  plates  of 
the  lower  range  in  our  type  being  all  decidedly  longer  than  wide, 
instead  of  the  reverse,  and  the  middle  plate  considerably  longer 
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than  that  on  each  side  of  it ;  while  the  carinate  marginal  pieoes, 
which  are  quite  distinctly  seen  in  this  view  of  our  species,  are 
Bcaroelj  visible  on  this  side  of  the  New  York  species.  There  are 
doubtless  also  equally  great  dififerences  in  the  arrangement  and 
structure  of  the  parts  above  on  both  sides,  i£  we  had  the  means  of 
making  comparisons  of  this  part  of  the  body. 

"  In  size,  our  species  corresponds  more  nearly  with  A.  disparilis 
from  the  New  York  Oriskany  Sandstone;  but  from  what  has 
already  been  stated,  it  will  be  seen  to  dififer  too  widely  in  the  form 
and  proportions  of  its  lower  range  of  plates  to  render  a  comparison 
neoessaiy. 

'*  Compared  with  Ateleocystitea  Huadeyi  of  Billings,  the  type  and 
only  known  species  of  that  group  (if  it  is  distinct  from  Anomalo- 
a/$tite8)t  our  species  will  be  found  not  only  to  dififer  in  its  much  larger 
size,  but  also  in  having  its  base  greatly  more  widely  and  deeply  sinuous 
on  the  flat  side,  for  the  reception  of  the  column ;  while  its  central 
two  pieces  taper  more  rapidly  upwards,  and  are  longer  in  proportion 
to  the  lateral  ones.  Its  lateral  pieces,  on  the  contrary,  taper  more 
decidedly  downward,  and  dififer  in  ba^ng  their  lower  ends  curved 
inwards.  The  convex  side  of  A.  Euxleyi,  and  the  upper  parts  of  our 
species  being  unknown,  we  have  no  means  of  carrying  the  comparison 
farther,  but  enough  can  be  seen  to  show,  beyond  doubt,  that  the 
two  forms  are  at  least  clearly  distinct  specifically. 

"  Locality  and  Position : — Upper  part  of  the  hills  at  Cincinnati, 
Ohio,  in  the  Cincinnati  group  of  the  Lower  Silurian." 

Although  Mr.  Meek  was  apparently  unaware  of  the  more  perfect 
remains  of  this  genus  afiforded  by  our  English  Wenlock  Limestone, 
he  had  no  doubt  of  the  proper  order  to  which  to  refer  the  fossil 
under  consideration,  and,  like  Mr.  Billings,  he  had  evidently  been 
struck  with  the  well-marked  family  character  which  these  genera  of 
Cystideans  display.  His  closing  remarks  thoroughly  bear  out  tho 
opinion  expressed  in  Mr.  Billings's  note  already  quoted.  Mr. 
Meek  writes : — 

**  Whether  these  several  types  belong  to  one,  two,  or  three  genera, 
it  must  be  evident,  I  think,  to  any  one  accustomed  to  study  these  old 
types  of  the  Echinodermata,  that  in  a  systematic  classification  or 
arrangement  of  the  genera  of  the  Cystoidea  into  families,  they  will 
have  to  stand  together  in  a  distinct  family,  Anomalooystid^,  occu- 
pying a  somewhat  analogous  position  in  this  group  to  that  of  the 
family  including  Eucheirocrinua  of  the  Crinoidea." 

As  it  seems  proper,  according  to  the  law  of  prionty,  that  the 
genus  Anomalocy stiles  of  Prof.  James  Hall  (1859)  should  be  included 
under  that  of  Aieleocystites  of  Billings  (1858),  I  venture  to  second 
tlie  proposal  of  the  late  Mr.  F.  B.  Meek  (whose  opinion,  as  a  profound 
and  accomplished  palaeontologist,  few  would  venture  to  gainsay) 
that  these  remarkable  forms — whether  placed  under  one  genus 
(Aieleocystites)  or  more  than  one — should  be  arranged  in  a  distinct 
family  under  the  name  : — 


j 
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Fam. :  Anomalooystida,  F.  B.  Meek,  1873. 

AteUoeyttiUt  EuxUyi^  Billines,  1866.    Fig.  and  DeBcrip.  CanadUn  Organic  Bern. 

Montreal,  Geol.  Smr.  Canada,  decade  lii.  p.  72. 
(Anomtdocytlitet)  eomutut,  Hall,  1859.    Palseontology  New  York,  toI. 

ill.  pp.  132-133^1.  Tiia.  figs.  5-7. 

( )  di^anlis.  Hall,  1869.   Op.  cit.  p.  146,  pi.  Ixxxriii.  figs.  1-4. 

\FULCoey»tiUi\    Forbetianut,  Be    Koninck,    1869,    Bull.    Acad.    Roy. 

Bmxeliee,  2«  s^e,  t.  xxiriu.  pp.  67-66,  plate ;  and  1870,  G«ol. 

Mao.  Vol.  VII.  p.  260,  PL  VH.  Figa.  2^. 

Geol.  Mao.  1671,  p.  71  and  Woodcut  (giviog 


accurate  figures  of  both  sides). 

(Anomaloeyttitet)  balanoidet,  Meek,  1673.    Geol.  Snrr.  Ohio,  part  ii. 

▼ol.  i.  p.  41,  pi.  3  bis,  figs.  6,  «,  b,  e. 

Note  in  condusiotL — In  the  Journal  of  the  Cincinnati  Society  of 
Natural  History,  voL  L  No.  4,  January,  1879,  p.  162,  Prof.  A.  G. 
Wetherby  gives  a  "Description  of  a  New  Family  and  Genus  of  Lower 
Silurian  Ck^taeea,**  whioh  he  names  Enoploura  balanoidea.  This  is 
in  fact  a  redescription  of  the  same  species  of  Cystidean  from 
the  Lower  Silurian  of  Cincinnati  referred  in  1873  by  Prof.  F.  B. 
Meek  to  the  genus  Anomalocystites, 

Mr.  F.  B.  Meek  was  fully  aware  of  the  fragmentary  nature  of  the 
fossil  he  was  describing,  but  his  diagnosis  of  its  characters  was  such 
as  might  well  be  expected  from  so  able  and  experienced  a  palaeon- 
tologist, and  one  so  thoroughly  acquainted  with  Invertebrate  fossil 
organic  remains. 

It  was  with  no  little  surprise  therefore  that  I  found,  upon  perusing 
Mr.  Wetherby's  description,  that  he  was  dealing  with  a  fragment  of 
a  Cystidean  belonging  to  a  genus  which  was  carefully  studied  and 
described  twenty-two  years  ago  by  Billings  and  Hall,  and  ten  years 
ago  by  De  Koninck.  Yet  Prof.  Wetherby,  whilst  apparently 
unaware  of  the  literature  of  the  subject,  and  equally  unacquainted  it 
would  seem  with  this  anomalous  group  of  Cystideans,  has  essayed  to 
upset  the  diagnosis  of  a  fragmentary  fossil  accurately  determined  by 
so  eminent  an  authority  as  Prof.  Meek,  and  has  relegated  it,  on 
almost  equally  fragmentary  evidence,  to  the  class  Crustacea,  an  error 
which  his  knowledge  of  the  characters  of  that  class  should  have 
prevented  him  from  falling  into.' 

Prof.  F.  B.  Meek  had  evidently  been  struck  with  the  peculiar 
Cirripedal-like  sculpturing  on  the  plates  of  AteleocysttteSy  and  hence 
was  led  to  give  his  species  the  trivial  name  of  halanoides.  I  had 
also  remarked  (Geol.  Mig.  Vol.  VIII.  1871,  p.  72),  "Compare  the 
ornamentation  of  Ateleocysiites  with  the  plates  of  Turrtlepaa** 
(Quart  Joum.  Geol.  Soc.  1866,  vol.  xxi.  pi.  xiv.  p.  486),  the  only 
other  Silurian  fossil  which  has  this  peculiar  ornamentation  of 
delicate  wavy  lines  of  elevated  strisd ;  but  there  the  analogy  ends. 
Every  point  about  Aieleoofstitea  agrees  with  the  known  characters  of 
this  singular  Cystidean  family,  and  no  one  who  has  studied  them 
attentively  can  doubt  the  propriety  of  the  determinations  of 
MM.  James  Hall,  E.  Billings,  De  Koninck,  and  F.  B.  Meek,  as 

^  See  Note  by  C.  Stewart,  £8q.,F.L.S.,  Sec.  B.M.S.,  on  the  microscopic  structure 
of  AteleocyatiUs,  etc.,  at  p.  240,  unfortuuatelj  received  too  late  for  insertion  here. — 
Edit.  Geol.  Mao. 
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r^ards  the  zoologioal  position  in  which  they  should  be  placed. 
Professors  James  Hall,  De  Koninck,  and  myself  have  had  the  good 
fortune  to  see  and  study  more  perfect  specimens  than  those  which 
vere  placed  in  the  hands  of  Messrs.  Meek  and  Billings,  but  it  is  all 
the  greater  honour  to  these  latter  savans  that  they  rightly  interpreted 
the  fragmentary  remains  which  came  under  their  notice  for  description. 

I  am  the  last  person  who  would  insist  merely  upon  the  dictum  of 
recognized  scientific  authority,  and  I  beg  to  assure  Prof.  Wetherby 
(whom  I  have  not  the  pleasure  persondiy  to  know)  that  I  have  no 
desire  to  detract  from  his  work  by  any  word  of  mine ;  but  I  may 
be  permitted  to  suggest  that  hasty  publication,  with  a  view  to 
obtaining  "priority,"  may  have  caused  him  in  this  instance  to 
overlook  the  importance  of  first  becoming  thoroughly  acquainted 
with  the  subject  before  him.  None  but  those  who  have  to  spend 
their  lives  in  scientific  research  know  the  piles  of  *' chaff"  which 
every  careful  worker  has  to  winnow  away  before  he  can  arrive  at 
the  substratum  of  really  good  ''  grain  "  beneath. 

If  Prof.  Wetherby  desires  his  work  to  stand,  he  must  be  prepared 
not  only  to  hunt  up  carefully  the  bibliogn^hy  of  his  subject,  but  also 
to  understand  more  thoroughly  the  class  characters  of  these  difficult 
Palaaozoio  forms  before  attempting,  on  very  imperfect  materials, 
to  correct  older  and  more  experienced  labourers  in  palasontology. 

EXPLANATION    OP    PLATE   VI. 

Jteleocyatites,  Billings  {lS5S),=Ano7nalocy8Ute8,  Hall  (1859). 

Fio.  L  Ateleoey»tite9  Suxleyi,  BillingB,  Tienton  Limestone,   U.   Silurian,   HuU, 

near  Ottawa,  Canada.     (Copied  from  E.  Billings'  woodcut,  p. 
73,  Decade  iii.  Geol.  Surv.  Canada,  1868.) 
2  and  3.  AUleoeyftitM   (AnomcUocystitesJ  diaparilisy   Hall,    1859,    Oriskany 

Sandstone,  U.  Silurian,  Cumberland,  Maryland,  U.S.A. 
2.  Anterior,  concave  side.   Fie.  3.  Posterior,  convex  side  (after  Hall's  Pakeon- 

tology.  New  lork,  1869,  p.  145,  pi.  Ixxxriii.  figs.  1  and  2). 
4  and  5.  Ateleoeyatitea  (AnomalocyatiteaJ  comutusy  Hall,    1859,    Pentamerus 
Limestone,    L.    Helderberg   group,    U.    Silurian,   Litchfield, 
Herkimer  Co.,  U.S.A. 
4.  Anterior,  concave  side.    Fi^.  5.  Posterior,  convex  side  (after  Hall's  Paleon- 
tology, New  York,  1859,  p.  133,  pi.  viiA.  figs.  5  and  6J. 
6,  7,  8.  AUleocystites  (AnomalocyatiUtJ  balanotdesy  Meek,   1873,  Cmcinnati 

group.  Lower  Silurian,  Cincinnati,  Ohio,  U.S.A. 
6.  Anterior,  concave  side.     Fig.  8.  Posterior,  convex  side  (after  Meek's  Oeol. 

Surv.  Ohio,  1873,  pi.  3  bis,  figs.  Qa.b.cX 
9-15.  Ditto  (Enoploura  balanoides)^  Wetherby,  1879,  Joum.  Cincinnati  Soc. 

Nat.  Hist.  vol.  ii.  No.  4,  p.  162,  pi.  7,  figs.  1,  and  la-g. 
9, 11,*  13, 16.  Posterior,  convex  side.     Fig.  10,  12,  14.  Anterior,  concave  side. 

Zo€.  Cincinnati,  Ohio. 
16-21.  Auleoeystites  (PlaeocystitesJ  ForbesianuSy  De  Koninck,  1870,  Wenlock 

Limestone,  U.  Silurian,  Dudley. 
16.  Posterior,  convex  side.     Fig.  17-21.  Anterior,  concave  sides.     Fig.  18/. 
tentacle. 

Figs.  16-21  are  drawn  from  the  original  specimens  preserved  in  the  British  Museum 
(all  natural  size). 

*[Ib  it  possible  that  the  associated  plates  a,  fig.  11,  which  Prof.  Wetherby  considers 
to  be  "  abdominal  appendage,"  are  the  plates  of  Turrilepaa  ?  If  this  were  the  case, 
ud  their  association  not  merely  fortuitous,  it  might  prove,  not  that  Ateleocyttitea 
was  a  Crustacean,  but  that  Turrilepas  was  possibly  the  peduncle  hi  this  anomalous 
Cystidean !   We  commend  this  point  to  Prof.  Wetherby's  consideration.] 
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n. — Notes  on  the   Histobt  and   Gompabatiyi  Anatomy  op  tee 

EXTINOT  GaBNIVOBA. 
By  P.  N.  Boss,  B.Sc.  (Lond.),  F.G.S. 

I. — ^EOOENB    PSBIOD. 

§  1.  Iniroduciion — Historical  and  JBibliographicaL 

AT  the  begiuning  of  this  oentury  nothing  whatever  was  known 
about  the  history  of  the  Gamivora  in  the  Eooene  period.  In 
1825,  in  the  second  edition  of  his  "  Becherches  snr  les  Ossements 
fossiles,"  Guvier  described  certain  fossil  bones  from  the  Gypseous 
Series  as  belonging  to  a  Gamivore  allied  to  the  Bacoons  and  the 
Goatis.*  Ten  years  afterwards,'  having  obtained  a  palate  ^m  the 
same  beds,  furnished  with  five  teeth  on  one  side  and  four  on  the  other, 
he  referred  the  palate,  as  well  as  the  bones  alluded  to  above,  to  a  genus 
allied  to  Didelphis,  De  Blainville,  in  his  '*  Osteographie,"  founded 
on  these  bones  a  genus  allied  to  the  Badger,  which  he  placed  amongst 
the  '^Petits  Ours"  {Svbursidai)^  under  the  title  of  Taxotherium^^ 
while  he  referred  the  supposed  Didelphoid  teeth  of  Guvier  to  a 
distinct  genus,  Pierodon,^  to  which  also  he  assigned  a  place  in  the 
same  group. 

The  establishment  of  a  novel  and  highly  interesting  genus  in 
1838,*  by  Laizer  and  Psurieu,  on  a  lower  jaw  from  certain  deposits 
of  the  Inferior  Miocene  age,  marked  an  epoch  in  the  history  of  the 
Gamivora.  It  was  in  a  happy  moment —unhappy,  no  doubt,  for 
Hyenodon — that  this  creature  was  disturbed  from  the  repose  it  had 
enjoyed  for  so  many  ages.  Its  discoverers  associated  it  with  the 
Thylacine  and  the  Dasyure.  But  De  Blainville  refuted  their  argu- 
ments,"  and  in  his  ''  Osteographie,"  the  Hyenodon  leptorhynchus  of 
Laizer  and  Parieu  was  placed  in  the  group  of  the  Canida,^  The 
discovery  of  more  perfect  specimens  of  Hyenodon  by  M.  Felix 
Dujardin  opened  afresh  the  question  of  its  affinities.  Dujardic 
reverted  to  the  original  hypothesis  of  Laizer  and  Parieu ;  and  he  was 
supported  by  Pomel.®  De  Blainville  was  so  far  influenced  by  the 
discovery  of  Dujardin  as  to  make  room  for  Hyenodon  in  his  group 
of  the  **  Petits  Ours " ;  but  at  the  same  time  he  added  a  note  ol 
interrogation  after  it,  expressing,  no  doubt,  his  suspicion  as  to  iU 
generic  identity.'  Laurillard"*  and  Pictet"  incorporated  the  Taxotlieritm 
and  Pterodon  of  De  Blainville  with  Hyenodon,  But  the  accomplished 
writer  in  the  Dictionary  of  Natural  History  decided  in  favour  of  the 
Marsupial  affinities  of  this  genus.     Pictet,  however,  maintained  its 

*  op.  eii.  t.  iii.  p.  271. 

8  "  Eech.  BUT  les  Ossem.  fofls.'*  4tli  edit.  t.  t.  p.  490. 
'  op,  eit.  gen  Subursus,  p.  65,  pi.  xii. 
^  op,  eit.  gen.  Subursns,  p.  48,  pi.  xii. 

*  •'  Comptes  rendus  de  I'Acad.  des  Sc.'*  1838,  2«  s^r.  p.  442. 
«  "  Comptes  rendns  de  TAcad.  des  8c."  1838,  2«  s^r.  p.  1004. 
"*  op.  eit.  gen.  Canis,  p.  HI. 

«  Bull.  Soc.  Geol.  de  Fr.  2«  s^r.  t.  1,  p.  691 ;  t.  T.  p.  386. 

*  **  Osteograpliie,"  gen.  Saborsns,  p.  102,  pi.  xvii.  Subsequently  JJ.  braehy' 
rhynehuB  was  transferred  to  the  Canidse,  **  Ost.    Canis,  p.  113. 

w  '^Dict.  d'Hist.  Nat."  t.  vi.  p.  767. 
"  ••Traits  de  Pal."  t.  i.  p.  196. 
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lelationsliip  witb  the  Plaoental  Camivora,  and  placed  it  provisionally 
amongst  the  tfrndaj  hy  the  side  of  Amphicyon  and  Arctocyon, 
M.  Paul  Gervais  united  De  Blainville's  Taxotherium  with  ITyenodon, 
bat  maintained  the  generic  distinctness  of  Pterodon,^  Later  discoveries 
have  proved  the  soundness  of  Gervais'  opinion ;  and  these  two 
genera  have  ever  since  remained  distinct  Grervais  threw  the 
weight  of  his  authority  on  the  side  of  De  Blainville  as  to  their 
zoological  position;  hut  placed  them  amongst  the  Felidte  in  the 
second  edition  of  his  "  Zoologie  et  PalsBonotologie  Fran9aise." 
Lately,  MM.  G.  Yasseur'  and  H.  FilhoP  have  adduced  very  strong 
evidence  in  favour  of  retaining  Syenodon  in  the  company  of  the 
Plaoental  Camivora.  Later  siall,  however,  Prof.  Gaudry^  has  carried 
it  hack  to  the  place  originally  assigned  it  hy  Laizer  and  Parieu.  So 
that  ever  since  Myenodon  was  unearthed,  it  has  had  to  lead  a  most 
restless  existence.  We  hope  to  he  ahle  to  assign  it  and  its  companion, 
Fierodon,  a  place  where  they  would  be  allowed  to  rest  unmolested. 

If  Hyenodon  and  Fierodon  deserve  credit  for  having  given  rise  to 
snch  a  long  controversy,  and  caused  such  a  division  amongst  the 
able  palaBontologists  mentioned  above,  Arctocyon  enjoys  the  unique 
reputation  of  being  the  most  primitive  mammal  known  to  us  since 
the  conclusion  of  the  Mesozoic  epoch.  Its  remains  have  been  found 
in  deposits  of  the  same  age  as  the  ^'Thanet  Sands"  of  this  country. 
De  Blainville,  who  first  introduced  it  to  the  palaeontological  world, 
found  it  a  place  amongst  the  '*  Petits  Ours.**  •  Laurillard,  however, 
transferred  it  to  the  group  of  the  Didelphida*  Prof.  Gervais  seems 
rather  to  have  inclined  to  the  same  view.  But,  by  way  of  compromise, 
he  more  lately  proposed  to  establish  a  separate  family  under  the  title 
of  the  Arctocyonida  for  its  reception.'  Quite  recently,  however,  M. 
Albert  Gaudry  has  decided  to  class  it  with  the  Marsupials.^ 

PalcBonictiS,  too,  based  by  De  Blainville  on  a  lower  jaw  from  beds 
of  the  same  age  as  the  Woolwich  and  Beading  of  this  country,  and 
associated  with  the  Civettes  by  him,  has  shared  the  fate  of  Arctocyon 
at  the  hands  of  the  learned  Professor  of  Palaeontology  at  the  Natural 
History  Museum  of  Paris.'  The  genera  Cynodon  and  Elocyon  were 
established  by  Aymard  on  certain  remains  from  deposits  of  the 
Inferior  Miocene  Age,  in  1849.*"  The  same  palaeontologist  based  a 
genus  called  Cyotherium  on  the  Viverra  Farisiensis  of  Cuvier,"  and 
the  Canis  viverroides^^  of  De  Blainville,  both  from  the  Gypseous 
Beries  of  Paris.  A  year  afterwards  Bravard  and  Pomel  described 
certain  remains  from  deposits  of  the  same  age  under  the  name  of 

»  *'Zool.  et  Pal."  28  edit.  p.  236. 

«  **  Compt  Kend."  t.  lixvii.  p.  1446. 

'  **  Rech.  BUT  lea  Phosph.  du  Quercy,**  Paris,  1877. 

*  "  Les  Enchainementa  du  Monde  Animal,"  Paris,  1878. 

*  "  Osteographie,"  gen.  Sabursus,  p.  73,  pi.  xiii. 
«  "  Diet.  d'Hist  Nat."  t.  ix.  p.  400. 

'  ««Nov.  Archives  du  Mus.  d'Hist.  Nat.  de  Paris,"  t.  vi.  1870,  p.  147. 

®  op.  cit.  p.  23.  •  op.  eit.  p.  19. 

"  "  Ann.  de  la  Soc.  d'Agr.  du  Puy,"  t.  xiv.  May,  1849. 
"  "  Eech.  sur  les  Ossem.  foss."  4«  edit.  t.  v.  p.  496. 
»  op.  eit.  **  Chiens,"  p.  109. 
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Cynodictis,^  Elocyon,  Cyotherium,  and  Cynodictia  have  been  affiliated 
by  some  palaoontologista  with  Cynodon,  thus  bringing  back  the  date 
of  the  appearance  of  this  genas  to  the  Upper  Eocene.  Pictet  has 
referred  some  fossils  from  the  V  Siderolithiques "  of  Mauremont  to 
the  Amphicyon  of  Lartet  (a  characteristically  Miocene  genus),  and  the 
Oynodon  pf  Aymard.'  The  age  of  these  beds  is  somewhat  uncertain. 
But  they  are  generally  correlated  with  the  Barton  days  of  this 
country,  and  the  ^*  Gres  de  Beauchamp  *'  of  France.  The  appearance 
of  Amphicyon  and  Cynodon  would,  in  that  case,  be  coeval  with  the 
deposition  of  the  lowest  beds  of  the  Upper  Eocene  or  the  Oligocene 
of  some  geologists.  Though  supposed  by  Prof.  Gkiudry  to  retain 
traces  of  their  Marsupial  ancestry,  the  location  of  both  these  genera 
in  the  order  of  the  Placental  Camivora  has  never  been  questioned. 

Some  superb  specimens  are  described  by  M.  H.  Filhol  in  his  elabo- 
rate work '  on  the  palsdontology  of  the  Phosphatic  beds  of  Quercy 
under  the  title  of  "  OynohycBnodony"  but  they  are  not  generically  dis- 
tinct from  Proviverra  (Butimeyer)  of  certain  Swiss  ''  Siderolithique  *' 
deposits  which  have  been  placed  by  some  geologists  on  the  same 
horizon  as  the  Bracklesham  Series.  They  have  too  strong  a  resem- 
blance, however,  in  their  dentition  to  Hyanodon  and  Pterodon  to  be 
dissociated  from  these,  and  have  accordingly  been  located  with  them 
amongst  the  Didelphida  by  Prof.  Gaudry. 

The  only  other  Eocene  genera  of  the  Old  World  which  have  ever 
been  referred  to  the  Camivora  are  the  Tylodon  and  OaletkylcLx  of 
G^rvais.  *    They  are  both  very  imperfectly  known. 

Within  the  last  eight  or  nine  years  a  flood  of  light  has  been  thrown 
on  the  history  of  the  Camivora  by  the  remarkable  discoveries  in 
America.  In  1870,  Dr.  Leidy  described  a  peculiar  Carnivore  from 
the  Bridger  Eocene  under  the  designation  of  Patriofelis.^  Two  years 
later  he  described  two  other  forms,  Sinopa  and  Uintacyon,  the  former 
supposed  by  Dr.  Leidy  to  be  intermediate  between  Canis  and 
HyenodoKiy  and  the  latter  **  a  carnivorous  animal  probably  marsupial.*' 
These  three  genera,  comprising  five  species,  have  been  re-described 
with  plates  in  the  Eeport  of  the  United  States  Geological  Survey  of 
the  Territories.'  But  the  specimens  on  which  they  are  based  are 
very  imperfect  Prof.  Cope  was  more  fortunate  with  his  Mesonyz 
and  Synoploiherium,  both  from  the  Eocene  of  Wyoming,  and  both 
presenting  some  points  of  resemblance  to  HyenodonJ  Hardly  three 
years  had  expired  since  these  two  most  remarkable  forms  of  Carni- 
vorous animal  were  brought  to  the  notice  of  the  scientific  world, 
when  Prof.  Cope  described  several  highly  interesting  Carnivores 
from  the  Lower  Eocene  (Wahsatch  formation)  of  New  Mexico."    He 

^  "  Notice  snr  lea  Ossein,  foss.  de  la  Debrnge,"  p.  6. 

^  "  Mcmoire  sur  les  Animanx  Vert^br^s  trouvds  dans  le  Terrain  Sid6rolithique  dn 


Canton  de  Vaud,"  pp,  73,  76,  Pal.  Suisse,  6«  s6r.  pp.  134,  137. 
'  **  Kechercbes  sur  les  Phospborites  du  Quercy,"  Pan' 
*  "  Zool.  et  Pal.  Prancaise,^'  2^  ed.  pp.  219  and  226. 


>aris,  1877. 


»  Proc.  Ac.  of  8c.  Philad.  1870,  p.  10. 

pp-  11 
V  Proe.  Amer.  Philos.  Soc.  for  1872,  pp.  460,  483;  Ann.  Rep.  of  tbe  U.S.  0.  8. 


•  op.  eit,  Tol.  L  pp.  114>  118;  pis.  ii.  vi.  and  xxyii. 


p.  lu. 
)ls.  ii. 


fil  Hm  Tens,  for  1872,  pp.  660,  664. 
*  fWit  G>t  of  the  Vert,  of  the  £ocene  of  N.  Mexico  collected  in  1874. 
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was  struck  by  their  departure  from  the  typical  Camivora  and  their 
approximation  to  the  Insectivora,  **  It  is  indeed  questionable,"  he 
says,  ''  whether  some  of  the  genera  here  included  as  Camivora  are 
not  gigantic  Insectivora." 

At  a  meeting  of  the  Philadelphia  Academy  of  Natural  Sciences  in 
1875,  Prof.  Cope  read  a  highly  interesting  paper  on  the  classification 
of  the  Eocene  Camivora.  In  that  paper  he  established  a  suborder 
of  the  Insectivora  under  the  title  of  the  Creodonta,  for  the  reception 
of  the  Wahsatch  genera,  Amhloetonus,  Oxyana,  Stypolophus,  and 
Didymictis.^  In  the  following  year  he  changed  the  name  of  the 
order  from  Insectivora  to  Bunotheria,  Full  descriptions  of  the 
genera  just  mentioned  have  been  recently  published  in  a  beautifully 
illustrated  volume' — one  of  the  most  vsduable  contributions  to  our 
knowledge  of  the  Eocene  Mammals.' 

Almost  simultaneously  with  Prof.  Cope,  Prof.  Huxley  was  struck 
with  the  Insectivorous  affinities  of  the  Eocene  Camivora  found  on 
this  side  of  the  Atlantic.  In  his  highly  suggestive  and  most  com- 
prehensive Lectures  on  Biology,  delivered  at  tbe  Royal  School  of 
Mines,  he  noticed  the  remarkable  fact  that  the  flesh-eaters  of  the 
Eocene  period,  so  far  as  they  depart  from  the  typical  Camivora, 
approach  the  Placental  Insectivora.  Instead  of  having  recourse  to  a 
hypothetical  JBunotherium  (as  Prof.  Cope  does),  Prof.  Huxley  pointed 
out  how,  by  starting  with  the  Gymnura  as  the  central  form  in  the 
group  of  the  Insectivora,  we  could  arrive  at  the  dentition  of  the  other 
orders  of  the  Mammalia. 

We  propose  first  to  consider  the  chief  features  in  the  dental  con- 
formation of  the  genera  mentioned  above;  we  shall  then  consider 
tbeir  osteology  and  the  structure  of  their  brain ;  and  finally,  in  the 
last  section,  we  shall  discuss  their  affinities  and  their  relations 
amongst  themselves  as  well  as  to  the  other  Camivora. 

The  following  table  gives  the  stratigraphical  distribution  of  the 
Eocene  Camivora.  With  regard  to  the  Eocene  of  America,  I  have 
followed  the  correlation  proposed  by  Prof.  Cope,  who  regards 
the  Wahsatch  formation  as  Lower  Eocene,  and  the  Bridger  as 
Middle  Eocene.*  I  have  incorporated  the  Stypolophm  (Cope  =  Pro- 
toiomuSf  Cope)  with  the  Proviverra  of  Riitimeyer,  for  reasons  which 
will  be  explained  in  the  following  sections.  The  genus  Didymiciis 
too  should  probably  be  affiliated  with  the  Falaonictia  of  De  Blain- 
viUe. 

»  Proc.  Philad.  Ac.  of  Nat.  Sc.  for  1876,  p.  444. 

'  Report  of  the  U.  S.  Geographical  Surveys,  West  of  the  lOOth  Meridian,  part  ii. 
Tol.  iv.  Washington,  1877. 

'  Prof.  Marsh  described  some  very  interesting  remains  of  Camivora  from  the 
Wyoming  Tertiary  in  the  American  Joamal  of  Scieoce  and  Arts  (3rd  series,  vol.  iv. 
pp.  126,  202),  under  the  names  Limnoeyonj  Viverravus,  Limnojelisy  Thinoeyony 
'ihineUstfSy  and  Telmalestea.  But  the  descriptions  are  very  brief,  and  are  unaccom- 
paoied  by  figures.  I  am  not,  therefore,  in  a  position  to  notice  them  in  the  present 
paper.  The  remarkable  group  of  the  Tilladontia  established  by  Prof.  Marsh,  which 
combines  the  characters  of  the  Ungulates,  Bodcnts,  and  Carnivores,  will  be  noticed 
i&  tbe  last  section. 

*  Proc.  Ac.  Nat.  Sc.  Philad.  1876,  p.  63. 


i*.  N.  So»e — Sistoiy  of  the  Extinct  Carniwra. 
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§2.  Dentition, 

The  teeth  of  all  the  Eooene  flesh-eaters  mentioned  in  the  first 
section,  as  compared  with  those  of  the  typical  Camivora,  are 
apparently  more  or  less  anomalous.  There  is,  as  a  very  general 
rale,  nothing  exceptional  in  the  form  or  number  of  the  incisors  or 
the  canines.  But  the  peculiarity  in  the  arrangement,  number,  and 
fonn  of  the  molar  teeth,  both  upper  and  lower,  has  been  the  great 
stumbling-block  in  the  way  of  comparative  anatomists,  some  of 
whom,  as  we  have  seen,  have  tried  to  cut  the  Gordian  knot  by 
removing  the  majority  of  them  to  the  group  of  the  Didelphia. 
Amongst  those  who  argue  in  favour  of  their  location  in  the  order  of 
the  Camivora,  the  diversity  of  opinion  with  regard  to  the  exact 
position  they  should  occupy  in  that  order  shows  the  difficulty  of 
affiliating  them  with  any  of  the  existing  families.  As  we  shall  try 
to  establish  in  this  section  that  the  peculiarities  in  the  dentition  of 
the  Eocene  Carnivores  can  be  most  satisfactorily  explained  on  the 
hypothesis  of  its  gradual  modification  from  that  of  some  primitive 
Munmal,  the  nearest  approach  to  which  is  the  Insectivorous 
Gfmnura,  now  living  in  the  islands  of  Malacca  and  Sumatra,  we 
shall  begin  with  a  brief  notice  of  the  salient  points  in  the  dental 
ooDformation  of  this  most  generalized  Mammal  known  to  us. 

{To  be  continued  in  our  next  Number.) 

III. — WOODWARDIAN   LaBOBATOBY   NoTES. — NoRTH   WaLKS   RoCKS. 

By  E.  B.  Tawnbt,  M.A.,  F.G.S., 
Woodwardian  Museum,  Cambridge. 

Fthe  following  notes  we  propose  to  collect  descriptions  of  some 
of  the  igneous  rocks  of  N.  Wales  founded  on  the  collections 
made  by  the  late  Prof.  Sedgwick  many  years  ago.  It  is  hoped  that 
it  may  be  of  interest  to  readers  of  this  Magazine,  as  many  students 
taming  their  attention  to  rocks  find  a  want  of  information  in  text- 
books concerning  precise  localities  in  Britain  for  the  occurrence  of 
many  interesting  types.  Following  Sedgwick's  steps  may  help 
them  partly  to  what  they  require,  while  the  microscopical  analyses 
appended  will  doubtless  prove  an  aid  to  beginners,  besides  being 
a  definite  record,  as  far  as  it  goes,  of  some  types  of  Welsh  rocks. 

In  the  Woodwardian  Museum  are  deposited  rich  collections  made 
by  Sedgwick  in  travels  through  N.  Wales,  chiefly  from  1831-6, 
illastrating  not  only  the  sedimentary  formations,  but  containing  a 
copious  selection  of  the  igneous  rocks — made,  too,  at  a  time  before 
there  was  any  Geological  Survey  Map  to  act  as  a  guide  to  localities 
where  things  of  interest  might  be  expected.  These  were  all  num- 
bered by  him  according  to  the  district  where  they  were  collected, 
And  from  his  CateJogue  we  obtain  the  locality,  as  far  as  the  imperfect 
topographical  map  with  which  he  worked  allowed  it  to  be  indicated, 
for  the  Ordnance  Map  was  not  then  published.  [The  numbers  in 
buckets  will  be  those  of  his  Catalalogue,  and  they  axe  given  to 
diitingaish  his  from  later  additions.] 

Owing  to  recent  advances  in  Petrology  due  to  the  microscope, 
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these  full  and  carefnlly  made  collections  have  acquired  fresh  interest, 
while  at  the  same  time  they  required  some  ^rther  study.  For 
arrangement  purposes,  and  to  adapt  their  names  to  the  modem 
classification,  it  became  desirable  to  slice  and  investigate  some  of 
them  microscopically. 

As  the  collections  are  due  to  travels  also  in  Cornwall,  the  Lakes, 
Cheviots,  etc.,  as  well  as  N.  Wales,  there  is  an  abundant  store  for 
future  investigation.  Choice  was  made,  however,  of  N.  Wales  to 
b^n  with,  as  only  due  to  the  memory  of  the  founder  of  the 
Cambrian  System,  and  it  is  convenient  to  take  first  that  N.W.  less- 
explored  part  of  it  known  as  the  Lleyn  Promontory. 

Prof.  Bonney  was  good  enough  to  make  the  first  selections  for 
slicing,  and  he  distributed  them  among  a  few  Cambridge  students 
for  investigation.^ 

Among  the  first  so  treated  was  one  which  at  once  attracted  Prof. 
Bonney 's  attention  and  of  which  he  furnishes  the  following  descrip- 
tion :  [P.  85] 

In  this  slide  olivine,  usually  in  rather  rounded  grains,  is  abundant 
It  is  traversed  by  strings  of  serpentine,  and  is  sometimes  to  a 
great  extent  converted  into  that  mineral,  with  the  usual  grains  and 
clotted  granules  of  magnetite.  Hornblende  is  also  plentiful ;  it  is 
strongly  dichroic,  changing  from  pcde  yellow-brown  to  rich  clove- 
brown  as  the  polarizer  is  rotated.  There  is  some  augite  nearly 
colourless  in  thin  sections;  also  a  pale-graenish  mineral,  whi<^ 
occurs  in  radiated  nests,  tufted  groups  of  fibres,  and  associated 
plates,  like  a  mica.  This  last  mineral  is  strongly  dichroic,  changing 
from  a  pale  dull  green  to  a  pale  golden-brown,  and  with  ordinary 
light  shows  similar  but  fainter  tints,  the  former  when  regarded 
perpendicular  to  the  latter  when  parallel  with  the  principal  cleavage 
planes.  Associated  with  it  are  specks,  rods,  and  clotted  bands  of 
opacite.  It  is  probably  in  part  undecomposed  brown  mica,  in  part 
a  species  of  chlorite  (?  ripidolite).  The  latter  appears  to  be  of 
secondary  origin,  and  to  result  in  part  from  the  alteration  of  augite 
or  diallage.  The  grains  of  olivine  are  frequently  inclosed  in  the 
hornblende  and  sometimes  in  the  augite. — ^T.  G.  B. 

To  a  knowledge  of  the  nature  of  the  rock,  it  became  desirable  to 
add  something  of  its  occurrence,  since  the  Greological  Survey  Map 
shows  Penarfynydd  as  the  sea  termination  of  a  long  mass  of  green- 
stone extending  N.  and  S.  for  some  four  miles — a  mass  which  has 
been  lately  touched  upon  by  Dr.  Hicks  [Q.J.Q.S.  vol.  xxxv.  p.  800] 
as  containing  gabbros  intrusive  in  his  Dimetian  as  well  as  in  Silurian 
(Hicks). 

Accordingly,  last  summer  I  made  an  excursion  from  Pwllheli, 
stopping  a  couple  of  days  at  Aberdaron  for  the  sake  of  investigating 
the  matter,  (and  also  of  searching  for  a  particular  rock  in  the 
Sedgwick  Collection  presumed  to  be  from  the  Aberdaron  Promontory, 
tlie  extreme  end  of  Lleyn). 

Examining  that  end  of  the  mass  which  extends  from  Plas  Ehiw 

1  The  initiaU  of  contribaton  will  be  appended  to  their  eommonicatioiis. 
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to  the  S.  end  of  the  Penarfynydd  Promontory  at  Trwyn  Talfarach — 
indicated  as  Greenstone  on  the  Survey  Map — I  found  at  least  two 
distinct  Tarieties  of  rocks :  the  blacker  one  I  imagined  to  be  the  one 
I  was  seeking ;  but  on  comparing  it  with  the  slide  described  by 
Prof.  Bonney,  it  is  seen  to  differ,  as  he  points  out,  by  the  greater 
abundance  of  olivine  and  the  absence  of  felspar.  Hence  the  question 
whether  it  has  a  separate  existence  or  its  relations  to  the  rocks 
described  below  must  be  left  to  future  investigation. 

First,  round  Plas  Bhiw  and  Treheli,  where  worked  for  **  sets/'  it 
is  a  gabbro-like  rock  of  medium  grain.  This  continues  through 
the  ridge  of  Mynydd  y  Graig,  not  varying  much  locally  with  one 
exception.  If  one  classed  it  by  the  outward  appearance,  it  wouLl 
prol^bly  be  called  gabbro  from  its  brown  colour,  in  contrast  with  the 
pronounced  green  colour  of  most  of  the  diabases  of  the  district 
Microscopical  examination  shows,  however,  that  the  pyroxene  has 
not  well  developed  pinacoidal  cleavage  as  typical  diallage  should 
have.  To  be  logical  we  must  therefore  place  it  with  the  diabases. 
The  second  rock  is  very  similar  in  appearance  to  that  collected  by 
Sedgwick  from  "  below  Penarfynydd,"  but  which  we  were  not 
fortunate  enough  to  identify  in  situ.  It  is  an  olivine- diabase,  and 
holds  over  one  side  of  Mynydd  Penarfynydd  ridge,  being  of  suffi- 
ciently different  appearance  to  the  diabase,  which  forms  the  other 
half  of  this  promontory. 

It  will  be  well  first  to  describe  its  position  with  more  detail. 
Mynydd  Penarfynydd  is  a  ridge  about  three-quarters  of  a  mile  long, 
running  N.N.E  — S.S.W.,  coloured  Greenstone  on  the  Geological  Map 
and  connected  with  the  rest  of  the  greenstone  mass  by  a  narrow 
link.  This  connexion  is  of  diabase,  the  extreme  end  of  the  pro- 
montory on  the  S.  is  also  of  the  same  diabase,  as  is  also  apparently 
the  whole  E.  face  of  the  ridge.  Roughly  speaking,  the  blacker  or 
serpentinous  olivine-diabase  forms  the  W.  slopes  of  the  ridge  from 
the  crest  downwards.  It  is  seemingly  then  bounded  by  the  diabase 
on  two  sides  in  such  a  way  as  to  suggest  that  one  is  intruded  into 
the  other.  As  the  ridge  is  covered  by  turf  and  heather,  it  is  only 
possible  to  trace  the  line  of  junction  by  the  blocks  which  occasionally 
protrude  from  the  soil,  many  of  which  seem  detached,  but  the  line 
probably  corresponds  with  the  crest  of  the  ridge. 

In  places  where  the  olivine-diabase  crops  out  it  has  a  most  delusive 
resemblance  to  a  bedded  rock — harder  bands  standing  out  with 
depressions  between — the  strike  of  these  bands  being  N.  20^  E.,  and 
dip  at  a  moderate  angle.  On  the  W.  slopes  of  the  ridge  this  is  very 
well  seen  also,  little  cliffs  of  olivine-diabase  there  weathering  into 
^parent  thick  and  thin  beds,  with  planes  of  coarser  and  finer 
crystals,  or  harder  and  softer  bands,  which  produce  the  effect  of  a 
weathering  sedimentary  series. 

At  the  time  I  was  disposed  to  think  that  the  olivine-diabase  had 
come  up  obliquely  as  a  thick  dyke  inclosed  between  the  diabase  on 
the  one  side  and  the  fossiliferous  beds  on  the  other,  and  that  the 
Wder  and  softer  planes  were  parallel  to  the  supposed  inclined  walls  ; 
but  the  case  can  scarcely  be  considered  apart  from  others  which 
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show  stratiform  planes  in  gabbros,  etc.,  and  I  most  reUnquisb  at 
present  any  attempt  at  explanation. 

On  the  shone  were  loose  blocks,  one  of  which  showed  junction  of 
the  blacker  olivine-diabase  with  the  felspathic  white-speckled  diabase. 
I  searched  the  ridge  for  a  junction  in  place,  and  on  the  crest  at  one 
point  was  apparently  a  thick  band  of  olivine  rook  lying  on  the 
lighter-colonred  diabase  ;  I  imagine  this  to  be  an  oblique  dyke 
inclosed  in  the  other  diabase,  it  had  the  same  low  angle  of  underlie 
as  have  the  planes  of  the  main  mass  of  olivine-diabase.  A  sub- 
sidiary dyke  might  furnish  proof  of  the  relative  ages  of  the  two 
rocks — but  in  this  case  sufficient  evidence  was  not  found. 

The  W.  slopes  of  the  ridge,  where  they  come  down  to  the  shore, 
are  covered  with  drift,  cliffs  of  mud  and  transported  blocks,  except 
near  the  extreme  point  of  the  promontory  washed  by  the  sea,  to  which 
the  state  of  the  tide  prevented  access  on  foot,  while  the  turbulence 
of  the  weather  was  against  boating  &om  Aberdaron.  I  fear  the 
junction  is  covered  up ;  it  is  possible,  however,  that  there  may  be 
dykes  in  the  end  of  the  promontory  or  in  the  cliffs  of  the  £.  side, 
which  might  settle  the  relative  age. 

Apart  from  lithological  differences  between  the  olivine-  and  other 
diabase, — one  being  greenish-black,  the  other  brownish-grey  spotted 
with  white, — their  appearance  in  the  mass  is  by  no  means  the  same. 
They  both  have  vertical  joints,  but  the  main  feature  of  the  olivine 
rock  is  a  set  of  prominent  planes  dipping  at  a  low  angle  to  S.  30^  E. 
or  thereabout ;  the  lighter-coloured  diabase  has  oblique  joints 
dipping  about  W.  2(f  S.  and  at  a  steeper  angle.  So  that,  from  the 
strike  of  the  joints  and  the  form  into  which  the  exposures  weather, 
one  can  tell  at  a  glance  whether  an  outcrop  is  olivine-diabase  or  not 

At  the  N.  end  of  Mynydd  Penarfynydd  the  blocks  whidi  lie  on 
the  crest  are  not  all  actually  in  aitiij  so  that  the  boundary  cannot  be 
laid  down  precisely ;  they  are  mostly  here  diabase.  Still  the  olivine- 
diabase  at  its  N.  termination  must  abut  against  the  fossiliferous 
shales  which  extend  from  the  farm  below  partly  up  the  slope. 
Indeed,  there  is  little  doubt  of  its  being  intruded  through  them,  for 
the  shales  which  immediately  S.  of  Fenariynydd  farm  are  black, 
soft,  and  fossiliferous,  are  seen  100  yards  further  S.W.  on  the  mid- 
slopes  getting  paler  and  harder,  as  if  altered  by  baking.  The  N. 
end  of  the  ridge  which  stands  steeply  almost  immediately  over  the 
farm,  and  perhaps  100  feet  above  the  fossiliferous  shales,  consists  of 
pale-yellowish  flaggy  beds,  with  grey  minute  spots,  apparently  a 
further  stage  in  the  same  process  of  change :  they  are  here  in 
contact  with  the  diabase  certainly,  but  perhaps  also  with  the  olivine- 
diabase,  as  the  junction  must  be  close.  There  is  therefore,  presum- 
ably, a  double  contact  alteration,  that  of  the  crest  certainly  due  in 
part  to  the  diabase,  and  that  on  the  W.  mid-slope  indicating  a  similar 
action  on  the  part  of  the  olivine-diabase. 

If  this  be  so,  there  need  not  be  much  difference  in  time  between 
the  two  diabases,  since  they  might  both  belong  to  the  same  epoch ; 
but  I  presume  that  the  lighter-coloured  diabase  of  Mynydd  y  Graig 
was  the  older,  and  that  it  was  thoroughly  consolidated  before  the 
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intrasion  of  the  olivioe-diabase.  This  seems  suggested  by  their 
lelationB  in  the  promontory  described :  another  fact  tending  in  the 
same  direction  is  the  occurrence  of  a  black  rock,  poor  in  felspar,  in 
the  ridge  where  the  word  Careg  llefain  stands  on  the  map  (a  micro- 
soopic  analysis  is  given  below).  It  is,  from  its  position,  apparently 
intrusive  ;  I  did  not  delay  to  trace  its  boundary,  and  had  no 
opportanity  of  returning  to  it  [P.  84-5]  are  labelled  "  under 
Penarfynydd."  A  similar  rock  [P.  81-8]  is  labelled  "  W.  end  of 
Hell's  Mouth."  This  may  be  taken  to  mean  Penarfynydd  ridge, 
or  possibly  near  Rhiw ;  in  the  latter  case  it  would  show  a  second 
intrusion  of  thb  rock. 

Fossils  were  found  in  an  opening  at  the  back  of  Penarfynydd 
fimn,  the  beds  being  a  black  softish  pencil  slate,  with  small  specks 
of  mica;  their  appearance  was  suggestive  of  Arenig.  Determinable 
vere  TrinucUuB  Elheridgii,  Hicks,  Dtdymograptus  hifiduSf  Hall; 
there  was  also  a  small  OboleUa  most  like  0.  sagittalia,  badly  pre- 
served, and  a  tail  of  Barrandea  with  such  a  wide  margin  that  I 
oannot  refer  it  to  any  described  species.  The  above  fossils  show  the 
date  of  intrusion  of  the  igneous  rocks  to  be  subsequent  to  Upper 
Arenig  times.  The  dark  shales  around  Llanfaelrhys  are  noted  on 
the  Survey  Map  as  fossiliferous,  and  in  Prof.  Ramsay's  Survey 
Memoir  (p.  173,  256-7)  are  cited  from  Llanfaelrhys  '*  in  flaggy  beds 
which  resemble  the  Tremadoc  slate"  Ogygia  Selwynti,  Qraptolites 
$agiUariu8f  OboleUa  2  sp.  One  of  the  latter  {ib,  pi.  12,  flg.  6)  is 
probably  the  same  as  the  one  found  at  Penarfynydd. 

Olivine'diabaae  from  Penarfynydd. — The  specimen  which  I  had 
sliced  was  from  the  top  of  the  ridge ;  it  has  felspar,  but  less 
serpentine  and  olivine,  differing  thus  from  Sedgwick's  specimen 
numbered  [P.  85].  The  hand-specimen  reminds  one  of  Baste  rock, 
being  dark  in  colour,  and  the  bright  cleavage  planes  of  the  bisilicates, 
interrupted  by  dull  portions  of  the  ground  obtruding  through  them  ; 
generally  greenish  to  brownish-black,  with  a  few  white  spots  of 
felspathic  matter  (in  another  specimen  in  local  patches,  the  serpentine 
and  bisilicates  almost  exclude  other  constituents) :  no  effervescence 
with  acids :  it  is  identical  with  [P.  84]. 

MicroBCopic  examination. — The  rock  consists  largely  of  olivine 
crystals  of  rounded  outline,  and  inclosed  as  separate  crystals  in 
felspar,  pyroxene  or  hornblende ;  they  are  mostly  very  fresh,  but 
some  of  them  pass  into  serpentine  in  the  usual  manner  with 
magnetite  segregation,  they  always  show  the  characteristic  fissures, 
the  first  resort  of  serpentinous  decay.  The  most  abundant  constituent 
perhaps  is  a  pale-yellowish  augite,  much  like  the  Radauthal  one  in 
appearance,  with  rather  distant  cleavage ;  it  forms  large  sheets  and 
smaller  detached  portions ;  some  basal  sections  are  seen ;  it  is 
frequently  intruded  on  by  the  olivines,  which  indent  it  or  are 
inclosed  within  it.  When  undergoing  decomposition  it  seems  to  be 
first  crowded  with  magnetite  grains,  and  then  passes  to  a  pale  green 
or  colourless  substance,  with  very  feeble  doubly  refractive  power ; 
this  is  occasionally  surrounded  by  zeolitic  fibrous  crystals.  Horn- 
blende is  present,  forming  a   few  large  sheets  of  most  strongly 
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dichroio  character,  changing  from  brownish-yellow  to  dove-brown 
when  the  vertical  cleavage  is  parallel  to  the  vibration  direction  of 
the  lower  Niool.  Though  no  basal  section  was  observed  in  the  slice, 
the  mineral  has  all  the  characters  of  hornblende ;  the  divergence  of 
the  elasticity  from  c  axis  was  about  19°.  The  felspar  is  almost 
entirely  decomposed  to  a  white  opaquish  substance  with  occasional 
zeolitic  formations ;  clearer  lines  in  the  granulated  matter  indicate, 
however,  its  triclinic  nature  ;  it  incloses  olivine  and  fills  np  spaces 
between  other  crystals.  Two  crystals  of  brown  mica  were  found  in 
the  slice ;  it  is  abundant  enough,  however,  to  be  visible  to  the  eye 
in  the  hand-specimen. 

For  a  diabase  it  is  rich  in  olivine,  and  by  this  it  differs  from  the 
next  following  rocks,  to  which  it  has  some  resemblances  in  other 
ways.  Notwithstanding  some  little  doubt  about  the  nature  of  the 
pyroxene,  1  have  ventured  to  class  these  rocks  with  the  diabases : 
others  from  abundance  of  hornblende  might  prefer  to  call  them 
proterobase. 

Harnblendic  diabase,  in  appearance  somewhat  similar  to  the 
Penarfynydd  rock ;  as  noticed  above,  it  forms  part  of  the  ridge 
near  Careg  Uefain :  the  hand-specimen  is  blackish-brown  to  black, 
with  cleavage  planes  of  augite  about  ^-inch  long,  but  no  serpentine 
and  scarcely  any  felspar ;  iron  pyrites  is  seen  ^pattered  about 
Slight  effervescence  with  acid. 

The  microscope  shows  that  hornblende  is  now  the  main  constituent; 
it  forms  large  sheets  limited  by  the  adjacent  minerals  or  inclosing 
them ;  the  vertical  cleavage  is  well  developed,  while  abundant  basal 
Sections  give  a  prism  angle  of  about  124°;  it  is  very  strongly 
dichroio,  precisely  as  in  the  last  rock,  but  is  here  much  more 
abundant;  from  pale  yellow  it  becomes  clove-brown  when  the 
c  axis  is  parallel  to  the  short  diameter  of  the  polarizing  NicoL 
llie  hornblende  and  pyroxene  alike  pass  into  alteration  products ; 
hornblende  first  into  a  green  dichroio  substance  preserving  the 
original  cleavage;  then,  as  the  structure  becomes  lost,  iron  separation 
sets  in ;  a  serpentinous  substance  is  formed  in  part,  while  the  bulk 
is  a  pale-green  viridite  of  feeble  doubly  refractive  power. 

The  relation  of  the  hornblende  to  the  pyroxene  is  not  quite  the  same 
as  that  described  by  Prof.  Bonney  (Q.  J.G.S.  vol.  xxxiii.  pp.  895,  912) 
in  Balk  and  Coverack  gabbro,  Cornwall,  neither  has  it  the  green 
colour  except  where  undergoing  change. 

Almost  equal  in  amount  to  the  hoi-nblende  is  a  pale-yellowish 
augite,  not  dichroio,  the  extinction  angle  about  35°,  not  a  close 
lamellar  cleavage,  but  rather  distant  usually  (nearly  rectangular 
in  basal  sections).  The  augite  is  intimately  connected  with  the 
hornblende,  sometimes  its  crystals  are  almost  entirely  surrounded  by 
the  latter,  or  scales  of  hornblende  of  shadowy  outline  are  scattered 
in  it,  showing  penetrating  intergrowths ;  possibly  the  hornblende  is 
partly  a  paramorphic  change  of  augite,  but  1  presume  most  of  it  to 
be  originaL 

Plagioclase  exists  in  the  form  of  prisms,  or  larger  masses  filling 
iaterspaoeSy  generally  as  prisms  inclosed  in  or  penetrating  the 
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tea ;  it  in  muoh  attacked  by  alterations,  and  often  qait«  an 
granulated  eubalance ;  the  oryetak  are  frequently  crossed  by 
of  green  cfaloritoid  matter;  Bomettmea  they  are  partly 
d  by  quartz.  In  some  tracts,  where  traversed  by  quite  a 
k  of  the  green  veins,  they  appear  very  fresh,  polarizing 
y.     Titaniferous  iron  is  abundant. 

pvt  not  having  any  of  the  foreign  homblendic  gabbros  for 
ison,  snch  as  have  been  described  from  Le  Prese,  or  protero- 
luch  as  have  been  described  from  the  Fichfetgebii^,  and  by 
lohe  from  the  Zwolfer-Spitz  district  (Jahrb.  k.  k.  geol 
ttifltalt,  1877,  vol.  iivii.  pp.  207-216}.  To  Prof.  Bonney  I  am 
d  for  the  loan  of  tbiii  slices  of  Comiah  gabbroa  showing  the 
rphic  origin  of  hornblende.  As  gathered  from  his  desoriptioQ 
ly  lead  me  to  consider  the  present  case  as  of  quita  a  different 

dis  of  Mgntjdd  y  Qraig,  etc. — Of  the  diabase,  a  piece  waa 
t  from  the  quarry  beyond  Flaa  Bhiw  as  likely  to  be  fresher, 
9eema  the  aame  type  of  rock  all  down  to  Penarfynydd  Pro- 
y.  The  crystals  are  of  medium  grain,  no  large  onea  among 
a  browniah-grey  rock  speckled  with  much  white,  the  bronze- 
d  pyroxene  and  felspar  about  eqnal :  the  white  part  effervesoea 
ntly  with  acid,  and  is  sometimes  discoloured  to  a  pale-green. 
oteope. — The  bulk  of  the  rock  consists  of  augite  of  pale- 
3\\  tint  in  thin  sections,  which  polarizes  vividly  ;  most  of  the 
<  are  developed  at  their  margins  into  or  sometimes  penetrated 
iroio  brown  hornblende,  not  quite  so  strongly  dichroic  or  so 
■onounoed  as  in  the  last  rook,  and  of  rather  dull  doubly  refrac- 
wer  compared  to  the  augite.  As  not  unusual  in  such  cases, 
0  intergrowu  crystals  are  orientated  in  the  same  manner,  and 
compound  crystal  we  obtained  a  maximum  extinction  angle  of 

the  Bogite.  and  about  16"  less  for  the  homblendic  portion. 
le  crystal  behaving  like  an  ortborhombio  mineral  is  supposed 
ui  orthodiagonal  section  of  the  augite  rather  than  another 
Undergoing  change  the  hornblende  becomes  full  of  crowded 
of  magnetite  collected  together  and  surrounded  by  an  irregular 

fibrous  zeolitic  crystals,  white  in  the  centre  may  be  a  colour- 
*ct  of   very  feeble   doubly  refractive  power,  under  crossed 

the  indigo  black  showing  only  slight  change  during  revolu- 

the  plate. 

e  rocks  are  noticed  in  the  Survey  Memoir  (I.e.  p.  174)  as 
'8  of  greenstone,  which  "  further  north  and  west  of  Mynydd 

passes  into  syenite."     This  is  a  view  entirely  different  from 

Dr.  Hioka  mentioned  above. 

next  two  rocks  are  also  recognized  as  intrusive  (i6.  p.  174r-6). 
slates  which  are  described  as  dipping  under  the  greenstone  of 
nt  are  there  ascribed  to  the  Bala  series  with  some  doubt.  I 
aacoeasful  in  the  search  for  fossils  in  the  black  slates  in  which 
trdaron  mass  is  intrusive,  bat  they  may  turn  out  possibly  to  be 
Bala  (Sedgwick). 
iM  from  greenstone  patch   on  map  below  Tt/nyrhedi/n   S.  of 
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Uanfaehhyi. — It  differs  safficiently  from  the  larger  mass  close  bj  to 
justify  the  mapping,  even  if  the  black  shales  were  not  seen  in  the 
ravine  on  the  W.  An  apparently  fresh  pieoe  shows  nomerous  black 
spots  like  delessite,  with  smaller  ones  of  magnetite  in  a  sap-green 
coloured  ground  of  rather  fine  grain.    No  effervescence  with  acid. 

Microscope. — Plagioclase  seems  the  most  abundant  constituent;  it 
still  preserves  its  banding,  but  only  shows  dull  colours;  the  prisms, 
etc.,  are  arranged  as  in  any  dolerite.  They  are  full  of  very  long 
slender  microlites  with  a  slight  greenish  tint,  and  are  like  those  often 
referred  to  tremolite.  The  augite  is  gathered  together  in  compound 
groups  and  also  scattered  thcoughout  in  crystals  of  moderate  size; 
they  are  much  attacked  by  decomposition,  but  the  parts  left  un- 
affected polarize  brightly. 

A  large  portion  of  the  slide  is  taken  up  with  viridite  areas,  some 
of  large  size  with  a  somewhat  scalloped  outline,  and  banding 
arranged  parallel  thereto  (as  in  an  agate) ;  it  has  no  dichroism,  and 
is  dark  indigo  under  crossed  prisms ;  it  exists  also  in  smaller  por- 
tions scattered  throughout  the  slide.  There  is  a  fair  quantity  of 
black  oxides  of  iron,  some  titaniferous  changing  to  leuooxide,  some 
forming  long  linear  crystals  remain  jet  black  in  reflected  light  and  are 
probably  magnetite.  There  is  also  a  good  deal  of  dirty  matter  about 
the  slide,  granulated  material  discoloured  by  iron  oxide ;  this  arises 
no  doubt  largely  from  augite,  but  may  partly  also  be  the  remains  of 
a  glass  which  has  disappeared. 

This  mass  is  intruded  into  shales  which,  as  noted  above,  must  be 
Tremadoc  or  Arenig.  I  was  unsuccessful  in  finding  fossils  in  the 
immediate  neighbourhood. 

Diabase,  quarry  ai  top  of  Aherdaron  village, — A  dark  green  rock 
with  naiTow  needle  prisms  of  felspar ;  no  effervescence  with  acid. 
The  rock  is  very  much  like  the  next  one  from  Penyoil  except  that 
delessite  spots  are  here  more  abundant  and  larger.  Pyrites  is  seen 
in  the  hand-specimen,  which  is  of  medium  grain. 

In  the  Sedgwick  collection  is  one  [P.  34]  which  is  from  near 
Aberdaron,  five  miles  to  the  north,  being  labelled  "  hill  close  to  Mr. 
Thomas'  house,"  Trefgraig  farm:  it  is  somewhat  similar  to  these 
bosses  (which  are  only  distant  on  the  map  about  \\  miles) — its 
augite  a  little  larger.  As  its  felspars  are  much  decomposed,  I  chose 
instead  the  specimen  obtained  fresh  from  the  interior  of  Aberdaron 
quarry  for  slicing. 

Microscope, — The  plagioclases  form  the  bulk  of  the  slide  arranged 
in  the  form  of  long  prisms  ;  they  retain  a  certain  amount  of  freshness, 
as  evidenced  by  brightly  polarizing  qualities ;  they  contain  in  great 
abundance  pale  greenish  microlite  needles  set  in  various  directions. 
The  augite  is  in  a  minority,  the  crystals  small,  of  corroded  outline, 
scattered  through  the  slide,  and  seem  mere  remnants. 

Viridite  tracts  occupy  a  large  proportion  of  space ;  they  are  slightly 
dichroic,  showing  light  green  and  pale  salmon  colour,  of  radiating 
fibrous  structure,  which  show  aggregate  polarization  of  bright  tints ; 
smaller  patches  are  scattered  through  the  slide,  and  it  permeates 
everywhere.  Abundance  of  opaque  ferric  matter,  particularly  round 
4ieaugit6B. 
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JDiahase,  from  Penycil  Fromonlory^  a  mass  intrnsive  in  Harlech 
Grits  according  to  the  Sarrey  Map ;  the  specimen  sliced  was  taken 
from  a  little  quarry  near  the  S.  end,  and  has  the  appearance  of  being 
fresh ;  it  effervesces  slightly  with  acid ;  it  is  dark  sap-green  in 
colonr,  with  lustrous  felspathic  needles,  pyrites,  and  minute  segrega- 
tions of  zeolite  occasionally. 

MieroBcope, — The  long  felspar  prisms  show  banding,  but  have 
only  a  dull  salmon  colour  when  polarized ;  many  are  much  decom- 
posed and  permeated  by  viridite,  or  are  corroded  by  areas  showing 
zeolite  and  even  calcite  re-arrangements.  The  augite  forms  crystals 
of  considerable  size  between  the  felspars,  are  without  regular  outlines, 
and  have  cracks,  and  their  ordinary  characters  ;  are  pale  yellow  in  the 
thui  slice,  and  polarize  brightly.  Many,  however,  are  visibly  decom- 
posing, tiiey  pass  into  viridite;  this  is  scattered  about  in  flakes 
eFerywhere,  and  also  forms  tracts  of  larger  size ;  it  has  under  crossed 
Nicois  a  granulated  appearance  of  dark  indigo-grey,  with  in  some 
places  radiated  fibrous  circles  showing  the  black  cross ;  some  of  these 
tracts  are  bordered  by  a  botryoidal  denser  lining  of  granular  viridite 
sabstance,  within  which  is  the  fibrous  radiating  variety  with  aggre- 
gate polarization. 

Dendritic  forms  of  black  iron  oxide  with  branches  at  right  angles 
to  the  stem  are  present,  besides  crystal|f  of  ilmenite  covered  with 
opaque  white  oxide.  E.  B.  T. 

(To  be  eontmuid.) 


IV. — A  CONTBIBUTION  TO  THE  StUDT  OF  THE  BbITISH  CaBBONIFEBOUS 

TuBicoLAB  Annelida. 

By  R.  Etheridgb,  Jun.,  F.G.S.,  F.R.P.S.Edin. 

(Continued  from  p.  174.) 

Ohservattans  on  Spirorbis. — In  the  foregoing  history  I  have  endea- 
voured to  give  a  brief  and  clear  outline  of  the  views  held  by  those 
who  have  made  it  the  subject  of  their  investigations  since  the  time 
of  W.  Martin. 

•  Omitting  this  author,  who  undoubtedly  looked  upon  it  as  a  mollusc, 
we  have  first  to  consider  the  opinions  of  Murchison  and  Phillips,  and 
there  can  be  little  doubt,  I  think,  that,  from  the  expressions  made  use 
of  by  these  writers,  they  were  quite  conscious  of  the  great  affinity 
which  Microconchus  bore  to  the  common  SpirorhtSy  and  hence  to  the 
Annelida.  This  is  again  apparent  in  the  writings  of  Dr.  Hibbert, 
although  he  called  it  a  Nautilus ;  and  when  we  take  up  Col.  Port- 
lock's  work,  we  find  the  same  form,  with  a  similar  habit,  only  under 
another  name,  and  also  a  second  species  definitely  referred  to  the 
genus  Spirorbis.  Following  close  upon  these  we  have  the  researches 
of  Dr.  Dawson  and  Mr.  E.  W.  Binney,  rendering  still  clearer,  if 
more  evidence  was  needed,  the  Anuelide, — or  to  put  it  in  the  very 
broadest  sense  possible,  the  Testaceous  character  of  the  organisms  so 
clearly  described  by  them.  Under  these  circumstances  it  appears 
stmnge  that  such  accomplished  Palaeontologists  as  Messrs.  Germar, 
Odppert^  Geinitz  and  others,  should  have  been  so  ignorant  of  con- 
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temporary  paladontological  literature,  as  to  refer  this  very  well- 
defined  little  fossil  to  the  Fun^.  This  view  has  been  so  completely 
disposed  of  by  Dr.  Dawson,  Mr.  Lesquereux,  Messrs.  Van  Beneden 
and  Coemans,  and  Dr.  Goldenberg,  that  it  becomes  quite  unnecessary 
for  me  to  offer  any  remarks  upon  it.  Beyond  this,  however,  I  cannot 
agree  with  Van  Beneden  and  Coemans,  and  Dr.  Groldenberg ;  for  had 
their  knowledge  of  the  English  anTi  American  literature  of  Micro- 
conchus,  or  Spirorbis  earbonariua,  been  in  any  way  equal  to  their 
acquaintance  with  the  opinions  held  on  the  Continent,  with  regard  to 
Gyromices,  it  is  probable  their  line  of  argument  would  have  been 
different.  Strange  to  say,  the  former  authors  do  not  in  their  historical 
notice  give  a  single  direct  reference  to  any  English  or  American 
paper  on  the  subject,  and  the  latter  author  only  does  so  once. 

Microconchua,  Muroh.,  and  Pakeorbis,  Van  B.  and  C,  are  without 
doubt  identical,  and  whatever  view  palssontologists  may  take  of  the 
affinities  of  these  little  bodies,  the  former  name  must,  by  the  laws  of 
priority,  be  retained  for  them.  The  resemblance  borne  by  their 
PaloBorbis  to  the  recent  Spirorbia  evidently  struck  Van  Beneden  and 
Coemans  forcibly  ;  but  they  were  unable  to  reconcile  the  occurrence 
of  an  animal  of  marine  habit,  like  Spirorbis,  associated  with  the 
remains  of  terrestrial  or  marshy  plants.  **  But  looking  at  the  manner 
in  which  the  whorls  are  fpf  med  and  arranged,  the  regularity  with 
which  their  volution  is  effected,  and  again  the  nature  and  aspect  of 
the  calcareous  tube"  {gainSf  a  sheath),  "we  are  led  to  doubt  their 
Annelide  affinity,  and,  after  mature  reflection,  we  see  in  Oyromices 
pnlmonate  terrestrial  molluscs."*  Furthermore  they  add,  "We  are 
led  to  regard  Gyromices  as  terrestrial  Gasteropod  molluscs,  allied  to 
the  Helicidse,  and  living  attached  to  the  leaves  and  stems  of  ferns,  or 
other  Coal -plants,  in  a  similar  manner  to  the  existing  Spirorbis  upon 
marine  plants  and  animals." ' 

Now,  in  the  first  place,  as  to  the  occurrence  of  MicroeonchuSf  or 
Tal<Borbis,  We  will  take  for  example  its  presence  in  the  Wardie  Shales 
of  the  Lower  Carboniferous  Series  of  Scotland.  There,  as  in  other 
deposits,  as  has  been  described  by  various  authors  from  W.  Martin 
downwards,  it  is  found  infesting  various  plant-remains  of  terrestrial 
origin,  in  all  stages  of  preservation,  from  a  frond  of  Sphenopteris 
affinis  sufficiently  perfect  to  justify  us  in  considering  it  as  not  long 
torn  from  the  parent  plant  pi'evious  to  entombment  in  its  argillaceous 
matrix,  to  the  well-macerated  remains  of  Calamites  and  Coniferous 
leaves.  Microeonchus  as  readily  attaches  itself  to  the  one,  as  to  the 
other ;  to  the  frond  showing  traces  of  only  recent  immersion  in  the 
Wardie  Shale  waters,  as  to  the  frond  with  frayed  edges  to  its  pin- 
nules, the  Calamite  with  decorticated  and  frayed  stem,  and  the  leaves 
of  Cordaiies  bent  and  broken.  Is  it,  therefore,  likely  that  the  re- 
mains of  a  pnlmonate  terrestrial  mollusc,  as  their  Palceorbis  is  sup- 
posed to  be,  by  Messrs.  Van  Beneden  and  Coemans,  would  be  found 
in  an  equal  state  of  preservation  on  portions  of  plants  which  had 
undergone  long  maceration  previous  to  fossilization,  as  on  those 
which  appear  to  be  of  a  more  recent  date  in  the  same  bed  ?  Is  not 
^  BnlL  TAoad.  B.  Bnizellee,  1867,  xxiii  p.  389.  >  Ibid.  p.  390. 
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this  a  character  one  would  more  readily  expect  to  find  associated 
with  an  ally  of  Spirorbis,  to  which  it  would  matter  little  whether  its 
object  of  attachment  had  or  had  not  sustained  damage  from  con- 
UnuooB  aqueous  action  ? 

Unfortunately  for  the  argument  of  Van  Beneden  and  Coemans, 
Mieroeonehus  or  Falaorbts  is  as  frequently  found  adhering  to  the 
surface  of  shells  as  to  the  fronds  of  ferns,  and  portions  of  other 
plants.  Mr.  E.  W.  Binney  '  long  ago  described  the  manner  in  which 
the  Uhioa  (Anthraeosia)  found  on  the  roof  of  the  Four- feet  Mine  at 
Bradford  were  covered  with  this  little  organism ;  and  I  have  myself 
incidentally  pointed  out  its  like  association  with  one  of  the  bivalves 
of  the  Wardie  Shales,  Anthracomya  Scotica  (mihi).  This  and  another 
allied  form,  Anthracoptera  obesa  (mihi),  are  sometimes  so  covered 
with  individuab  of  MteroeoMhu8f  that  it  is  difficult  to  distinguish 
the  shell  itself.  The  beds  connected  with  and  about  the  horizon  of 
the  Biirdiehouse  limestone  are  particularly  noticeable  for  this.  The 
like  has  also  been  pointed  out  by  Messrs.  Armstrong  and  Young, 
who  in  their  Catalogue  of  Scotch  Carboniferous  Fossils  say,  "  Found 
adhering  to  plants  and  shells  in  many  of  the  beds  of  the  Upper  Coal- 
measures.''  "  Now,  the  association  of  Mtcroconchua  (or  Palceorbis) 
with  bivalves  in  the  place  of  plant-remains  seems  to  me  simply  fatal 
to  the  view  that  the  former  is  a  terrestrial  pulmonate  Gasteropod. 
Allowing,  for  the  sake  of  argument,  that  those  found  on  fern  fronds 
are  Gasteropods  of  this  nature,  and  had  become  accidentally  immersed 
with  the  plants  to  which  they  were  attached,  how  does  this  account 
for  their  appearance  on  the  surface  of  bivalve  mollusca  in  the  same 
deposit,  not  only  adhering,  but  also  forming  for  themselves  a  similar 
depression  or  groove  in  the  substance  of  the  shells  ? 

To  the  facts  now  adduced  by  me,  it  may  be  advanced  that  I  am 
endeavouring  to  prove  as  of  a  freshwater  habitat,  an  organism  which, 
like  the  living  Spirorbisy  is  of  marine  affinities.  To  this  objection  it 
may  be  replied — it  is  an  incontestable  fact  that  during  the  deposition 
of  the  Coal-measures,  incursions  of  the  sea  did  take  place,  consequent 
on  a  change  of  level,  as  shown  by  the  occurrence  of  marine  bands, 
Mch  as  the  Pennystone  Ironstone  of  Coalbrookdale ; '  the  Ganuister 
Coal,  near  Oldham ;  *  and  a  band  over  the  Great  Mine  Coal  at 
Ashton-under-Lyne,*  containing  marine  bivalves  and  Cephalopoda. 

During  the  deposition  of  the  Wardie  Shales  precisely  similar 
events  took  place.  These  beds  are  usually  looked  upon  as  of  fresh- 
er brackish-water  origin,  but  my  own  views  have  for  a  long  time 
inclined  much  more  to  the  brackish-  than  the  fresh-water  theory, 
after  a  prolonged  and  careful  study  of  the  organic  remains  found  in 
them.  Certain  it  is  that  definite  and  well-marked  marine  bands  do 
occur,  as,  for  instance,  that  at  Woodhall,  on  the  Water  of  Leith  ; 
another  at  Craigleith  Quarry,  near  Edinburgh ;  another  near  Granton 

*  MenL  Lit  Phil.  Soc.  Manchester,  x.  p.  196. 

*  Trans.  Geol.  Soc.  Glasgow,  iii    App.  p.  23. 

*  Prwtwich,  Trans.  GeoL  Soc.  1840,  2nd  ser.  v.  p.  442. 

*  Mem.  Geol.  Survey  of  Gt.  Brit.  Country  arouna  Oldham,  1864,  p.  62. 

*  Ibid.  p.  64. 
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Breakwater,  on  the  shores  of  the  Firth  of  Forth,  and  so  on.  But 
the  important  point  of  all  is,  that  at  Woodhall,  in  oompany  with  suoh 
forms  as  Biscina  nt(t(/a,  PhilL,  SerpuJttes  earbonarivs,  M'Coj, 
a  ChcBteteSf  Lingula  myUlaides,  Sow.,  BeUerophon  decussatuSy  Flem., 
a  Murehisonia,  a  Pleurotomaria^  a  Cantdaria,  remains  of  OrthoceraSf 
and  numerous  bivalves,  we  have  our  little  MtcrocanchuB  carhonariuM, 
In  other  words,  I  believe  we  have  in  this  worm,  a  fQ.nn_  which, 
although  of  marine  afi&nitj,  was  able  to  maintain  life. in  waters 
very  slightly  removed  from  fluviatile;  and  that  immediately  on 
slightly  marine  influences  manifesting  themselves,  &om  physical 
causes,  in  lagoons,  swamps,  or  brackish-water  arms  of  the  sea,  in 
which  certain  portions  of  the  Carboniferous  strata  were  in  course 
of  deposition,  Mcroconchus  wea  one  of  the  first  to  establish  itselfl 

That  I  am  not  alone  in  considering  Microconchus  as  of  brackish- 
water  habit,  the  following  extract  from  one  of  Lyell's  works  will  show : 
— **  In  the  Coal-fields  both  of  Europe  and  America  the  association  of 
fresh,  brackish- water,  and  marine  strata  with  coal-seams  of  terrestrial 
origin  is  frequently  recognized.  Thus,  for  example,  a  deposit  near 
Shrewsbury,  probably  formed  in  brackish  water,  has  been  described 
by  Sir  R.  Murchison  as  the  youngest  member  of  the  Coal-measures 
of  that  district.  .  .  .  The  characteristic  fossils  are  a  small  bivalve, 
having  the  form  of  a  Cyclas  or  Cyrena,  also  a  small  entomostracan, 
Zeperditia  infiata,  and  the  small  shell  of  a  minute  tubicolar  annelid 
of  an  extinct  genus  called  Microconchus ,  allied  to  Spirorbia,**  ^ 

The  following  passage  clearly  shows  that  in  Mr.  Salter's  mind 
some  doubt  existed  as  to  the  exclusively  marine  character  of  Spirorbis, 
^'  At  present  all  Spirorbes  are  marine,  or,  at  the  least,  estuary  shells, 
and  their  frequent  attachment  to  stems  of  Sigillaria,  and  other  coal 
plants,  is  a  strong  indication  of  the  habitat  of  the  plants  themaehea"* 

In  his  able  paper  "  On  the  Origin  of  Coal,"*  Mr.  E.  W.  Binney 
strenuously  supports  the  msuine  origin  of  that  mineral,  ea  opposed  to 
the  exclusively  freshwater,  or  swamp  theory  of  its  accumulation. 
He  says,^  ''In  a  former  paper  ...  I  have  stated  that  the  Coal- 
measures  have  presented  some  appearance  of  having  been  deposited 
in  an  estuary;  but  further  observations,  and  the  great  superficial 
extent  of  the  formation,  now  lead  me  to  believe  that  they  must  be 
considered  more  of  a  marine  character,  and  that  the  currents  which 
brought  the  debris  did  not  altogether  proceed  from  the  river  running 
into  the  sea,  or  by  tidal  action,  but  were  chiefly  produced  by  the 
subsidence  of  the  bottom  of  the  ocean  itself.  The  occurrence  of  the 
Cypris  and  the  Unio  in  the  Upper  Coal-measures  has  been  considered 
indicative  of  the  freshwater  origin  of  those  strata ;  but  when  these 
fossils  are  found  in  company  with  remains  of  the  Megalichthys, 
Holoptychius,  Ccelacanthus,  Ftatysomus,  PalcBoniacus,  and  other 
genera  heretofore  considered  as  of  decidedly  marine  origin,  their 
diagnostic  value  ceases,  even  if  all  of  these  genera  were  confined  to 
fresh  water  ;  but  it  is  well  known  that  such  is^not  the  case,  but  that 

1  Student's  Elements  Geol.  1874,  pp.  395-96. 
»  Iron  Ores  Gt.  Brit.  pt.  3,  p.  227.  ' 

'  Mem.  lit.  and  Phil.  Soc.  Manchester,  2nd  ser.  viii.  pp.  148-194.  *  p.  184. 
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many  are  found  in  salt  water."  The  bearing  of  these  remarks  on 
the  question  of  the  habitat  of  our  Spirorbiat  one  of  the  most 
characteristic  fossils  of  the  Coal-measures,  I  consider  to  be  of  the 
greatest  importance. 

The  observations  of  Dr.  Dawson  on  the  accumulation  of  the  South 
Jogginga  Goal-measures,  although  given  from  a  different  point  of 
view,  art)  equally  important  Considering  them  to  have  been 
deposited  in  swamps  and  lagoons,  he  says,'  the  events  indicated  by 
the  S.  Joggings  section  ''  consist  of  a  long  succession  of  oscillations 
between  terrestrial  and  aquatic  circumstances,  and  unaccompanied 
by  any  material  permanent  change  in  the  nature  of  the  surface,  or 
in  its  organized  inhabitants.  ....  The  results  of  these  opposing 
forces  no  doubt  always  existed  contemporaneously,  so  that  by  a  mere 
change  of  place,  one  could  have  passed  from  a  coal  swamp  to  a 
Modiola-lagoon,  or  a  tidal  sand-flat;  but  in  each  separate  locality 
they  alternated  with  each  other,  with  greater  or  less  frequency,  etc." 
Sudi  alternations  of  an  aquatic  nature  from  salt  to  fresh  or  brackish 
water  conditions  would  have  been  peculiarly  fitted,  I  believe,  for 
the  development  of  such  a  form  as  Micro,  carbonarius.  My  father 
has  pointed  out  the  co-occurrence  of  a  purely  marine  Crustacean  of 
the  Limuloid  type,  Preatmchia  rotundata,  with  Micro,  carbonarius, 
in  the  Somersetshire  Coal-field,'  the  latter  being  parasitic  on  the 
carapace  of  the  former. 

Finally,  it  is  almost  needless  to  observe,  the  Annelida  are  both  ^ 
marine  and  fresh  water,  and  even  amphibious,  as,  for  instance,  the 
Hairworm  (Gordius).     It  is  not  impossible,  therefore,  that  Micro- 
conchus,  although  of  a  different  order,  may  have  been  so  also. 

MicroconchuB  pusillus  varies  considerably  within  certain  limits. 
The  typical  form  is  well  illustrated  by  the  four  upper  left-hand 
figures  of  Murchison's  Sihiria.*  The  variety  with  the  last  turn  of 
the  coil  prolonged  is  equally  represented  by  bis  two  lower  figures. 
Variation  also  takes  place  in  the  mode  of  attachment  to  foreign 
bodies — whether  by  only  a  portion  of  one  side  of  the  coil,  seen  as  a 
groove  in  one  of  Murchison's  figures,  or  by  the  whole  of  one  side  of 
the  tube,  which  then  becomes  flattened.  The  surface  ornamentation 
is  efjually  subject  to  variation ;  it  is  at  times  almost  plain,  at  others, 
with  very  numerous,  fine,  but  regular  and  distinct  direct  tmnsverse 
strise,  almost  resembling  microscopic  ridges;  whilst  again  in  some 
specimens  fine  spiral  stria3  occur;  this  condition  1ms  been  well 
figured  by  Murchison.  1  have  not  observed  the  beaded  form  of 
ornament  described  by  Dr.  Dawson  as  seen  in  Canadian  specimens ; 
this  may,  however,  arise  from  the  intersection  of  the  fine  transverse 
ridges  and  spiral  stria?. 

Tho  tube  of  this  species  is  dextrally  coiled,  but  in  many  figures 
individuals  will  be  seen  scattered  over  the  surface  of  a  plant  appa- 
rently sinistral.  This  appearance  has  been  explained  by  Dr.  Dawson, 
who,  speaking  of  his  S.  Erianua,  says  that  the  tube  will  appear 

*  Quart.  Journ.  Geol.  Soc.  x.  p.  29. 

»  Trans.  Manchester  Geol.  Soc.  1866-67,  vi.  p.  124. 

>  '*  SUuria,"  4th  edition,  1867,  p.  3U2,  Fossils  {^\!>Z). 
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dextral,  or  sinistral,  according  to  whichever  surface  of  the  leaf  to 
which  they  are  attached  is  held  up,  the  remains  of  these  Carhoni- 
ferous  plants  at  times  being  so  thin  as  compared  with  the  solid  shell 
of  the  Microconchus,  that  the  latter  is  visible  through  it  I  am  able  to 
confirm  Dr.  Dawson's  statement  from  an  examination  of  specimeDS 
of  SphenopUris  affinis,  L.  and  H.,  to  which  the  worm  tabes  were 
adhering  on  both  sides.  * 

Many  examples  of  Microconchus  pustllus,  when  clear  of  matrix, 
really  appear  as  if  free,  and  unattached  ;  this,  however,  results  from 
the  small  n  ess  of  the  surface  by  which  adherence  took  place.  When 
fixed  by  the  whole  of  one  surface,  that  face  of  the  tube  is  quite  flat 
(PI.  VII.  Fig.  2) ;  but  when  adhering  only  by  a  portion  of  the  attach- 
ment-surface, the  inner  whorls  of  the  coil  more  or  less  protrude 
(PI.  VII.  Fig.  6),  and  are,  to  a  certain  extent,  piled ;  or,  in  other 
words,  as  Messrs.  Van  Beneden  and  Coemans  say  of  their  PalcBorbis, 
the  attached  side  then  shows  more  whorls  than  the  other. 

Usually,  at  any  rate  in  the  typical  foim,  the  circular  mouth  of  the 
tube  ends  off  short ;  if  however  perfect  specimens  are  luckily  obtained, 
the  tube  will  be  found  to  extend  itself  as  a  short  free  termination, 
and  is  sometimes  directed  more  or  less  to  one  side  (PI.  VII.  Fig.  9). 

The  size  of  the  tube  of  this  species  varies  greatly.  I  have  observed 
it  varying  between  that  of  a  pin's  head  and  a  diameter  of  3*5  mm.  in 
an  ironstone  from  Tamworth. 

If  I  understand  Dr.  Geinitz's  description  of  Oyromicea  correctly,  it 
is  said  to  be  chambered.  The  expression  he  uses  is  '^  mehrkammeri- 
gem  Perithecium,"  *  a  many-chambered  Perithecium.  Substitute 
tube,  or  shell,  for  **  Perithecium,"  consequent  on  the  non-fungoid 
nature  of  GyromiceSy  and  we  have  it  described  as  a  many-chambered 
shell.  This  our  JIf.  pustlltis — which  I  believe  to  be  identical  with  G, 
ammonts — is  not  It  may  be  that  I  do  not  comprehend  the  word 
''  mehrkammerigem  "  correctly  used  as  it  is  here  in  a  botanical  sense, 
but  in  the  ordinary  acceptance  of  the  term  it  would  define  the  tube 
of  Gyr amices  as  divided  into  several  chambers  by  partitions  or  septa. 

I  have  satisfied  myself  by  means  of  sections  taken  in  the  plane  of 
the  coil  that  M,  pusillut  is  non-septate,  bearing  out,  in  this  respect, 
the  statement  made  by  Van  Beneden  and  Coemans  that  their 
Palceorbia  is  unprovided  with  any  diaphragms. 

The  abundance  of  this  little  worm  in  certain  localities  is  almost 
incredible,  whole  beds  of  limestone  being  almost  composed  of  its 
remains.  Some  idea  may  be  formed  of  its  plentitude  by  Mr.  J. 
Young's  statement  that  he  had  counted  on  a  single  plant  from  the 
Airdrie  Coal-field  no  less  than  three  hundred  individual  tubes 
adhering  to  it' 

Under  the  name  Mieroconchus  pusilhs,  Martin,  I  have  united  in  the 
foi'iBgoing  synonymy  the  British  M.  carbonariuSf  Murch.,  the  American 
Spirorbi8  carbonariuSf  Dawson,  the  German  Gyromices  ammonts, 
Giipp.,  and  the  Belgian  PaloBorbis  ammonia,  V.  Ben.  and  Coemans. 
This  may  not  be  acceptable  to  all  palaeontologists  ;  but  I  have  done 

'  Yerstein.  Steinkohlenformatioii  in  Sachsen,  1855,  p.  3. 
*  Pzoo.  Nat.  Hist.  Soc.  Glasgow,  1868,  i.  pt  i.  p.  102. 
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80  after  mature  reflection  and  the  examination  gf  a  very  large 
namber  of  ispecimens.  The  trivial  differences  whioh  may  perhaps 
be  found  between  any  two  of  these,  or  between  the  whole  collec- 
tively, cannot,  I  think,  be  considered  of  much  importance  in  the 
specific  diagnosis  of  such  very  variable  animals  as  Tubicolar  Anne- 
lida. In  all  the  tube  is  deztral  and  adherent,  is  frequently  found 
imbedded  in  the  substance  of  the  body  to  which  it  is  attached,  and 
within  narrow  limits  the  surface  ornamentation  is  identical.  I  am 
fortified  in  this  reference  by  the  opinions  of  Drs.  Dawson  and 
Groldenberg.  The  former  states  that  the  Canadian  form  is  **  appa- 
rently not  specifically  distinct  from  MicroconchuB  earbonariua  of  the 
British  Coal-fields,"  ^  whilst  the  latter  informs  us  that  the  American 
SpirorhiB  is  identical  with  that  met  with  in  the  Saarbruck  Coal- 
field.* 

CoL  Portlock,  and  following  him  Prof.  M'Coy,  referred  to  the 
Devonian  species  8.  omphalodea,  Gk)ldf.,  a  form  found  in  the  Carbon- 
iferous System  of  Ireland.  Their  remarks,  especially  in  reference  to 
the  impressions  left  by  the  tubes  on  the  surface  of  plants,  lead  me  to 
the  conclusion  that  the  forms  described  by  them  are  identical  with 
the  present  species. 

Loc,  and  Horizon. — It  is  unnecessary  to  mention  the  host  of  places 
at  which  Microconchus  puaillns  has  been  met  with;  but  the  following 
may  be  taken  as  representative  ones,  both  in  a  geological  and 
geographical  sense. 

In  a  bed  of  limestone,  associated  with  and  adhering  to  bivalves, 
seen  in  a  quarry  on  the  Linnhouse  Water,  opposite  the  Oak  bank 
Oil  Works,  near  Mid-Calder;  in  Cyprid  shale,  associated  with 
and  adhering  to  plants  and  bivalves  {Anthracotnya  Scotica,  mihi, 
and  Anthracoptera  obesa^  mihi),  at  Straiton  Oil  Shale  Works,  near 
Bardiehouse,  and  in  fact  about  the  horizon  of  the  Burdiehouse  beds 
generally  (Mir.  J.  Bennie).  In  the  Burdiehouse  Limestone,  at 
Bardiehouse  (Mr.  C.  W.  Peach).  R.  Tweed,  below  Coldstream 
Bridge,  adhering  to  bivalves  (Mr.  A.  Macconochie).  In^gatheria 
shale  at  Lammerton,  Berwickshire  (Prof.  T.  R.  Jones).  TEeso  horizons 
ire  all  in  fhe  Cement-stone  Group  of  the  Calciferous  Sandstone 
Series  of  Scotland. 

In  the  Bo'ness  Upper  Ironstone,  at  Kinneil,  near  Bo*ne&s,  of  the 
Middle  Limestone  Group  (=  L.  Coal-measures  of  some  authors),  of 
the  Carb.  Limestone  Series  of  Scotland  (Mr.  J.  Bennie).  In  fresh- 
water and  estuary  limestone  of  the  Campsie  district,  in  the  L. 
Carb.  Limestone  Group  of  Scotland  (Messrs.  Young  and  Armstrong). 

In  freshwater  limestone  above  the  Main  Coal  at  Carluke  (ibid.) 
?  In  the  Shotts  Upper  Cannel  or  Gas  Coal,  at  Trees,  near  Bathgate ; 
shales  over  the  Virtuewell  Coal,  at  Windy  Edge,  near  Shotts  Kirk ; 
shales  over  the  Airdrie  Black-band  Ironstone,  at  Darngavel,  near 
Airdrie  (Mr.  J.  Bennie).  These  horizons  are  all  in  the  Coal-measures 
of  Scotland.  In  the  Blue  or  Big  Vein  Ironstone  at  Sirhowy,  and  in 
the  Spotted  Vein  Ironstone  at  Beaufort,  in  the  S.  Wales  Coal-field 

^  Acad.  Geol.  1868,  p.  205. 

*  Fauna  Sarsepontauii  Foss.  1877,  heft  2,  p.  6. 
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( J/r.  J,  W.  Salter).  In  the  limestone  at  Ardwiok,  near  Manchester, 
tfpper  Coal-mesusures  {PhiUips,  Btnney,  Salter).  In  a  bed  thirty 
yai^s  above  the  Arley  Mine,  Middle  Coal-measures,  at  Bolton-le- 
Moors  (Mr.  J.  W.  Salter),  lliese  localities  are  in  the  Coal-measures 
of  England  and  Wales. 

{To  h$  continued  in  our  next  Number.) 
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BOSS-SHIBE. 

By  HsfBT  HicKB,  M.D.,  F.G.S. 

With    Pxtbologioal    Notis. 
By  T.  Datibs,  F.6.S.,  of  the  British  Museum. 

Pabt  III. 

Glen  Laggan  and  Olen  Docherty. 

THE  rocks  described  by  Mr.  Davies  in  Notes  15-20  belong  to  the 
nei?v€r  series,  and  were  collected  as  nearly  as  possible  at  the  points 
indicated^n  the  sections.  They  are  here  described  for  comparison 
with  the  older  rocks  already  referred  to,  and  with  the  rocks  to  be 
further  mentioned  to  the  east  of  this  line.  I  selected  intentionally 
for  examination  those  which  appeared  most  highly  altered,  or  other- 
wise to  have  any  resemblance  to  the  old  rocks;  as  it  is  well 
known  that  Prof.  Nicol  considered  them  to  belong  to  that  series,  and 
not  to  the  newer  groups.  The  petrological  evidence  as  given  by 
Mr.  Davies  proves  that  they  are  in  no  way  allied  to  the  gneiss 
rocks  of  the  old  formation,  and  that  they  are  not  sufficiently  meta- 
morphosed to  be  allied  to  any  schists  of  known  Pre-Cambrian 
age  in  these  areas.  These  facts,  combined  with  the  physical  evidence 
of  the  discordance  in  strike  also  almost  everywhere  apparent,  seem 
therefore  conclusively  to  prove  that  they  cannot  be  of  Pre-Cambrian 
age,  but  that  they  belong  to  a  much  younger  series,  and  overlie  the 
limestone  group  found  along  the  west  side  of  Glen  Laggan. 

Nos.  17  and  18  were  collected  almost  immediately  upon  the  lime- 
stone, in  the  line  of  Section  III.,  and  hence  at  a  lower  horizon  in  the 
succession  than  the  others.  There  can  be  little  doubt  that  these  at 
least  form  a  part  of  that  group.  They  are  flag-like  in  character,  of 
a  dark  bluish  tint,  and  sometimes  of  a  very  fine  grain.  They 
alternate,  however,  in  some  places,  with  almost  pure  sandstone 
bands.  Near  the  diorite  they  are  considerably  twisted  about  and 
crushed.  The  usual  dip  is  to  the  S.E.,  and  here  at  a  moderately 
high  angle.  There  is  distinct  evidence  of  considerable  disturbance 
and  faulting  at  this  point.  The  next  seried,  /,  though  not  actually 
seen  here  to  repose  upon  the  limestone  group,  appear  undoubtedly  to 
overlie  some  comparatively  unaltered  sandstones  and  flags,  and,  I 
believe,  un conformably.  If  these  belong  to  the  limestone  series, 
then  the  evidence  seems  to  show  that  we  have  a  physical  break  at 
this  point  in  the  succession.  If  this  is  a  fact,  much  of  the  diffi- 
culty experienced  in  unravelling  the  sections  to  the  N.  and  S.  along 
this  line  is  easily  explained.     In  some  it  would  appear  as  if  the 
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limestone  group  was  altogether  absent,  whilst  in  others  this  would 
tw  seen  to  Kpread  out  perhaps  to  a  great  thickness,  and  from  all  the 
evidence  that  has  been  ooil(«ted  thie  seems  to  bo  very  much  the  case. 
Moreover,  there  are  some  inciicationa  also  of  an  actual  overlapping 
of  the  limestone  beds  by  eome  flaggy  sandstones  towards  the  upper 
end  of  Glen  Laggan,  along  the  west  side ;  bat  further  examinatioD 
IK  necessary  before  this  can  be  accaratety  ascertained.  In  Section  11. 
the  unconformity  between  the  series  /  and  the  sandstone  below  is 
tolerably  well  marked.' 

The  rocks  examined,  belonging  to  groaps  e  and  /,  seem  to  be 
about  equally  altered  along  this  line,  being  most  so  when  in  contact 
with  igneouH  dykes,  or  faults ;  and  scarcely  at  all,  or  not  more  so 
than  is  usual  in  rocks  of  Silurian  age  in  other  areas,  when  unaffected 
by  these  causes. 

Along  the  east  side  of  Glen  Li^^n  the  groups  e  and  /  are  seen 
at  several  places  to  rest  upon  the  upturned  edges  of  the  Pre- 
Cambriim  rucks.  The  latter  composed  mainly  of  granitoid  gneiss 
and  dark  mica  schists,  as  described  in  Notes  13  and  14.  These  strike 
from  N.W.  to  S.E.,  and  are  therefore  entirely  discordant  to  those 
which  repose  upon  them.  This  same  discordance  in  the  strike  of 
the  beds,  and  difference  in  mineralogical  characters,  may  be  traced 
eastward  in  Glen  Docherty,  with  but  slight  interruptions  only  from 
want  of  exposures,  for  several  miles.  The  lower  rocks  everywhere 
a  highly  motamoriihic  group,  with  a  high  dip  and  a  strike  from 
N.W.  to  S.E. ;  and  the  upper  unequally  altered,  never  for  any 
distance  truly  metamurphic.  and  always  at  a  low  angle,  and  with  a 
strike  from  N.E.  to  S.W.  Towards  the  upper  end  of  the  Glen  the 
lower  rocks  are  seen  to  ancend  to  a  couHiderable  elevation,  and  are 
there  cut  through  by  Uie  road  where  it  begins  to  descend  into  the 
Glen.  These  lower  rocks  at  this  point  consist  chiefly  of  reddish 
highly  felspathic  gneisses,  described  in  Notes  21  and  22. 

[NoTa  21. — Is  macroscopically  exceedingly  fine-grained,  almost 
compact,  of  a  reddish  colour,  consisting  of  felspar,  and  shows  no 
indications  of  foliation.  The  microscope  shows  that  it  is  composed  of 
closely  developed  crystals  of  felspar,  almost  wholly  orthoclase,  which 
is  much  decomposed;  the  interspaces,  which  arc  small,  being  occupied 
with  quartz  and  calcite.  The  lattor  also  fills  fissurea,  and  is  of 
secondary  origin.  No  mica  is  present,  unless  a  yellowish -grey  nearly 
opaque  Bubstauce  may  be  regarded  as  representing  this  mineral. 
A  pale-coloured  ganiet,  in  very  small  crystals,  is  spattered  through- 
out Indications  of  a  tendency  to  a  foliated  structure,  though  not 
striking,  are  not  wanting. — T.D.] 

[Note  22.— A  fine-griiined  rock,  of  a  reddish  colour,  with  much 
Kd  felspar  and  a  colourless  mica. 

A  thin  section  discloses  intimately  crystalline  quartz  in  wavy 
bands,  with  much  decomposed  felspar,  which  is  principally  ortho- 
ck«&  The  colourless  muscovite,  though  occasionally  in  fairly 
continuous  bands,  is  also  generally  distributed  in  isolutcd  lamiuee, 

'  It  ii  howeTer  too  stroogly  iodicatad  in  the  sectiun,  and  carried  u)i  tou  high  into 
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which,  however,  are  approximately  parallel  to  the  plane  of 
foliation.— T.D.] 

No  one,  I  think,  can  read  Mr.  Davies's  descriptions  of  the  rocks 
13  and  14,  and  21  and  22,  which  mainly  make  np  what  I  consider 
the  Pre-Cambrian  floor  along  this  line,  and  not  realize  that  they  are 
petrol ogically  very  nnlike  those  described  by  him  in  his  Notes  15-20, 
from  the  higher  beds  along  the  same  line.  The  latter  in  all  cases, 
it  matters  not  from  what  part  they  are  selected,  always  contain 
fragments  unchanged,  and  have  their  detrital  origin  still  well 
marked ;  whilst  the  former  are  always  crystalline  throughout,  and 
retain  little  or  no  indication  of  their  original  condition.  It  has  been 
supposed  by  some,  since  I  first  pointed  out  this  discordance  in  the 
strike  of  the  upper  and  lower  rocks  in  Glen  Docherty,  that  it  is 
entirely  due  to  faulting,  and  that  the  upper  beds  with  a  low  angle 
of  dip  and  a  N.E.  strike  have  been  twisted  so  as  to  appear  below  at 
the  high  angle  and  with  a  N.W.  strike.  If  this  occurred  at  one 
point,  or  for  a  short  distance  only,  it  might  perhaps  be  possible  ;  but 
that  it  should  extend  for  several  miles,  and  include  both  sides  of  the 
Glen,  is,  I  venture  to  say,  highly  improbable,  if  not  utterly  im- 
possible ;  and  those  who  have  made  the  suggestion  could  not,  I 
think,  have  attempted  to  realize  the  physical  difficulties  of  such  an 
occurrence.  Moreover,  as  explained  above,  the  petrological  evidence 
also  is  opposed  to  such  a  view. 

I  have  to  express  some  regret  for  having  allowed  the  section  in 
my  former  paper  to  appear  without  a  fuller  explanation,  though  I 
clearly  stated  in  the  discussion  that  it  was  "  a  rough  diagrammatic 
one,"  and  that  the  angle  at  which  the  beds  were  drawn  was  much 
too  high.  The  dip  intended  to  be  shown  also  was  only  for  the 
escarpment  in  Glen  Laggan,  and  its  continuation  at  that  angle  east- 
ward was  a  pure  mistake.  Section  II.  in  tlie  present  paper,  taken 
further  south  in  Glen  Laggan  than  the  former  one,  and  more  imme- 
diately along  the  Glen  Docherty  heights,  will  explain  more  clearly 
what  was  there  intended  to  be  shown.  I  believe,  however,  that  few 
only  of  those  who  read  my  former  paper  intelligently  have  found  any 
difficulty  in  realizing  what  was  meant;  but  as  some  have  appa- 
rently failed  to  comprehend  what  was  intended,  I  trust  the  present 
illustrations  will  enable  them  to  do  so.  The  following  passage,  taken 
from  my  former  paper,  *  appears  to  me  sufficiently  explicit  on  this 
point,  and  should  have  prevented  any  misapprehension,  though  the 
section  was  accidentally  distorted  : — "  The  question  as  to  how  the 
Silurian  rocks  could  have  been  brought  into  the  positions  indicated 
in  the  latter  part  of  the  section,  is  a  difficult  one.  Is  it  the  result  of 
a  natural  overlapping  of  the  older  rocks  eastward  by  these  newer 
rocks?  or  have  they  been  brought  into  this  position  by  faults?  I 
saw  no  evidence  of  faults  of  sufficient  magnitude  to  bring  them  to 
this  position  alone ;  but  minor  faults  there  are  undoubtedly,  and 
these  have  in  some  cases  considerably  altered  the  position  of  some  of 
the  beds.  On  the  whole,  however,  the  evidence  seems  to  show  that 
these  Silurian  beds  have  been  deposited  on  the  eroded  edges  of  the 

^  Quart.  Joom.  Geol.  Soc.  vol.  xxxiv.  p.  816. 
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lower  gneiss  rocks  nearly  in  the  positions  in  which  they  are  now 
foand,  the  present  inclination  of  the  beds  being  dependent  upon 
Bobsequent  movements,  accompanied  by  some  faults.  These  upper 
beds  are  undoubtedly  made  out  of  such  materials  as  would  be  de- 
rived from  rocks  similar  to  those  which  now  underlie  them,  and  to 
which  they  are  unconformable;  and  hence  it  is  that  sometimes  a 
superficial  examination  may  possibly  lead  one  to  associate  them. 
The  persistent  and  equal  metamorphism,  the  contorted  character, 
and  high  N.  W.  strike  of  the  lower  series  is  so  marked,  however,  that 
for  any  distance  it  seems  almost  impossible  to  confound  them  in  any 
way  with  the  comparatively  undisturbed  and  unequally  altered  beds 
of  the  upper  series,  which  also  almost  invariably  strike  in  the  oppo- 
site direction,  or  from  N.E.  to  S.W.,  at  a  low  angle  of  dip,'* 

That  these  beds  gradually  assume  a  more  horizontal  position  as 
we  ascend  the  Olen  eastwards  is  undoubted.     The  high  dip  given  to 
them  in  the  section  by  Murchison  and  Geikie^  is  certainly  not  war- 
ranted by  examination,  except  for  a  short  distance  near  the  escarp- 
ment; nor  indeed  would  it  appear  at  all  reasonable,  for  the  thickness 
required  under  these  circumstances  would  be  enormous,  especially  as 
these  beds  are  indicated  by  them  in  other  sections  along  this  line  to 
underlie  the  rocks  composing  the  great  mountains  to  the  east.     In 
some  of  the  sections  given  by  these  authors  the  conformable  thick- 
ness shown  is  truly  appalling,  and,  I  need  hardly  say,  physically 
impossible,  when  we  take  into  consideration  the  conditions  which 
must  have  prevailed  over  these  areas   when  the   sediments  were 
deposited.     If  these  rocks  were  to  underlie  those  to  the  eastward  as 
supposed,  one  would  naturally  ask  at  first  what  would   bo   the 
amount  of  faulting  necessary  for  so  sudden  a  change,  if,  as  most  agree, 
the  old  floor  is  still  traceable  as  far  at  least  as  the  east  side  of  Glen 
Laggan.     Considering  also  that  the  conformable  sequence  shown  in 
most  of  their  sections^  cannot  be  less  than  ten  miles  (in  one  at  least 
twelve  miles),  and  usually  at  a  dip  of  from  40°  to  50°,  and  that  all  the 
sediments  must  have  been  deposited  horizontally,  one  is  not  only 
astounded  at  the  faulting  necessary,  but  beyond  all  at  tlie  physical 
conditions  required  to  allow  such  an  accumulation  of  sediments.     It 
seems  to  me  perfectly  clear  that  no  attempt  could  have  been  made  to 
realize  the  physical  difficulties  necessary  to  uphold  this  theory  before 
it  was  propounded.     That  these  sections  also  should  have  been  so 
frequently  reproduced,  not  only  to  show  the  supposed  succession 
iloDg  this  line,  but  also  in  a  more  or  less  modified  condition  for  other 
areas,  is  truly  remarkable ! 

These  beds,  ficcording  to  my  reading  of  the  section,  not  only 
gradually  assume  a  horizontal  position,  but  terminate  in  the  Glen 
vhich  separates  Craig  Roy  from  Ben  Fin ;  and  instead  of  dipping 
irnder  the  latter  mountain  as  supposed,  overlie  horizontally,  or  with 
a  slight  inclination  only,  the  rocks  near  its  foot,  which  form  part  of 
the  Pre-Cambrian  floor. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xrii.  p.  191. 

'  Quart  Joum.  Geol.  Soc.  vol.  xv.  p.  260;  ibid.  vol.  xvii.  p.  212  ;   "  Siluria,'* 
4th  ed.  pp.  169  and  172  ;  and  Sec.  i.  in  Geol.  Map  of  Scotland  (Geikie),  1876. 
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In  the  open  ground  which  extends  between  the  top  of  Glen 
Docherty  and  the  western  edge  of  Ben  Fin,  the  old  floor  is  traced 
with  some  diflSculty ;  but  on  reaching  the  latter  point,  it  is  seen  with 
all  the  usual  characters  recognizable  in  the  more  western  areas. 

.    fTo  be  concluded  in  our  next  Number.) 


CoNSTDi'RATIONS     OfOLOGIQUES    8UR    l'OrIOINB    DU    ZaND-DiLUVIUM, 

Du  Sable  Campimibn  et  des  Dunes  Maritimes  des  Pays  Bas. 
Par  Dr.  T.  C.  Winkler.  Extrait  des  Archives  du  Musee  Teyler, 
tome  V.  •  (Haarlem,  1878.) 

IN  the  above  paper  on  the  drift  deposits  of  the  Netherlands,  Dr. 
T.  C.  Winkler  treats  of  the  origin  of  the  Drift  sand,  Campinien 
sand,  and  Maritime  dunes  of  the  Pays-Bas.  These  deposits  had 
been  pre\'iously  described  and  divided,  by  Dr.  Staring,  in  1853,  as 
the  drifts  (diluvium)  of  the  Meuse  and  the  Ehine,  the  northern  drift, 
and  that  of  Munsterland.  Again,  in  1860,  the  same  author  classed 
them  in  three  categories,  the  sandy  drift  {zand' diluvium),  gravelly 
drift  (grint- diluvium) ,  and  loess.  Subsequent  researches  and  con- 
siderations by  Dr.  Winkler  have  led  him  to  modify  the  views  of 
Dr.  Staring,  and  he  proposes  the  following  divisions  for  the  diluvial 
deposits  of  the  Netherlands  :  the  northern,  eastern,  southern,  mixed 
(eiitrenicle)  and  remani6  drifts.  The  reasons  for  these  subdivisions, 
and  their  lithological  characters,  are  fully  explained  in  the  memoir, 
as  also  the  nature  and  distribution  of  the  maritime  dunes.  From 
the  facts  stated,  and  the  reasonings  based  upon  them,  Dr.  Winkler 
considers  he  has  shown  :  — 

1.  That  the  zand-diluvinm  of  Staring  ought  to  be  termed  the 
remanie  drift,  and  that  it  was  not  formed,  as  Staring  said,  by  the 
action  of  rain  and  frost,  nor  as  Godwin-Austen  said,  by  the  action  of 
wind,  but  by  the  effects  of  the  sea. 

2.  That  the  remanie  drift  of  the  Netherlands  is  analogous  to  tbe 
Campinien  sand  of  Dumont,  in  Belgium. 

3.  That  the  southern  diift  of  the  Netherlands  is  analogous  to  the 
flinty  drift  of  Dewalque,  to  the  silex  et  cailloux  of  Dumont,  to  the 
Campinien  sand  with  rolled  flints  of  Omalius  d*Halloy,  to  the  lower 
stage  of  the  Quaternary  period,  the  rolled  flints  and  gravelly  sand,  of 
Dupont. 

4.  Tliat  the  deposits  of  the  Campine  ought  not  to  be  considered 
as  being  simply  composed  of  sand  with  pebbles,  and  sand  without 
pebbles,  but  that  these  two  stages  ought  to  be  separated  according 
to  their  very  different  origin ;  the  one,  lower,  coming  from  the 
Ardennes  and  the  Condroz  by  means  of  rivers ;  the  other,  superior, 
being  a  marine  formation,  derived  from  older  drift  deposits  by  the 
action  of  the  sea. 

5.  That  the  Campinien  sand  is  posterior  to  the  Hesbayen  clay. 

6.  Tliat  the  sand  which  constitutes  the  maritime  dunes  is  identical 
with  the  Campinien  sand  of  Belgium,  and  to  the  remanid  drift  of  tbe 
Pajs-Bas. 


Revieics — A.  de  Lapparent — Carte  giologique  de  la  France.   227 

7.  That  the  band  of  moving  sands,  whioh  has  been  the  source  of 
the  present  dunes,  was  formed  after  the  formation  of  the  drift  in  the 
Netherlands,  and  consequently  at  the  latter  period  of  the  Glacial 
epoch,  or  after  this  period. 

8.  Tliat  the  alluvial  deposits  of  the  Netherlands  are  posterior  to 
the  formation  of  the  maritime  dunes.  J.  M. 


I.— MiMOIRES     POUR    8KRVIE   A   L*ExPLICATION     DB    LA    CaRTE     OflO- 
LOGIQUE   DtTAlhhtE    DB    LA    FrANCB.       Lb   Pa'YS    DE    BeaY.     Par 

A.  DE  Lapparent,  Ingenieur  au  Corps  des  Mines.    (Paris,  1879.) 

THIS  memoir,  the  result  of  many  years  of  labour,  undertaken  for 
the  preparation  of  the  Qeological  Map  of  France,  is  descriptive 
of  the  Pays  de  Bray,  a  district  (from  its  peculiar  features)  of  con- 
siderable interest  to  the  geologist. 

The  memoir  consists  of  three  parts,  which  treat  respectively, 
of  the  physical  features,  the  succession  of  geological  formations  of 
which  the  region  is  composed,  the  elevation  of  the  district,  and  its 
connexion  with  other  disturbances  in  the  Paris  basin.  The  Pays 
de  Bray  has  long  engaged  the  attention  of  geologists.  Noticed  by 
0.  d'Halloy  in  1813,  its  structure  has  been  further  described  by 
Elie  de  Beaumont,  Graves,  Passy,  Cornuel,  Hebort,  and  Barrois. 
Bat  the  study  of  the  district  has  been  beset  with  much  difficulty,  for 
the  region  is  covered  by  woods  and  pastures,  and  divided  by  thick 
hedges  and  a  great  number  of  inclosures  of  very  difficult  access. 
With  no  stone  quarries,  the  geologist  can  only  avail  himself  of  sand- 
pits, or  of  clay-pits  opened  for  the  manufacture  of  different  kinds  of 
pottery.  However,  the  improvement  of  roads,  fresli  openings  of  the 
surface,  and  constructing  railways  during  the  last  fifteen  years  or 
more,  have  materially  assisted  a  better  knowledge  of  the  country. 
The  railway  from  liouen  to  Amiens  traverses  the  Pays  de  Bray  at 
right  angles  to  its  chief  elevation,  and  two  others,  from  Beauvais  to 
Grournay,  and  from  Goumay  to  Neufchatel,  follow  the  longitudinal 
axis,  so  that  the  district  "  so  long  isolated  in  the  middle  of  Normandy 
aa  a  sort  of  quagmire,  almost  forsaken  by  observers,  is  at  the  present 
time  one  of  those  affording  valuable  results,  although  the  thick 
herbage  over  a  large  area  still  prevents  the  direct  study  of  the 
•ubsoil." 

The  Pays  de  Bray,  or  Valley  of  Bray,  is  not  an  ordinary  valley, 
but,  like  the  English  Wealden  area,  a  so-called  valley  of  elevation 
and  erosion ;  it  is  an  elongated  semi-olliptical  opening  or  trapezoidal 
amphitheatre  contracted  at  both  ends,  extending  from  St.  Vaast  on 
the  north-west  to  Tillard  south  of  Beauvais  on  the  south-east ;  the 
longer  axis  is  about  40  miles,  and  that  of  the  smaller  30  miles. 
It  is  not,  however,  an  elevated  dome,  but  its  structure  is  due  to  a 
rectilinear  dislocation,  fault  or  sharp  fold,  a  true  line  of  rupture, 
aronnd  which  are  grouped  a  number  of  secondary  effects  (p.  132). 
A  transverse  profile  of  the  Pays  de  Bray  shows  three  priuci^^ivl 
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divisions :  1.  A  plateau  or  terrace,  the  zone  of  villages.  2.  An  undu- 
lating surface,  the  zone  of  forests.  3.  A  ridge  or  crest  forming  HaiA 
Bray,  which  attains  an  elevation  of  more  than  600  feet.  From  this 
elevated  zone,  upon  which  some  villages  are  situated,  the  sooroes  of 
the  Bethune,  Seine,  and  Oise  arise.  The  soil  of  the  district  is  either 
marly,  clayey  or  argillo-siliceous,  so  that  a  general  argillaoeoua 
{houeuse)  character  prevails  throughout  the  surface  of  the  Bray.^ 

The  second  part  treats  of  the  geological  formations  and  their 
characteristic  fossils ;  for  fuller  details  of  the  latter,  the  reader  is 
referred  to  the  work  of  M.  Graves. 

The  formations  belong  to  the  Jurassic,  Cretaceous,  and  Tertiary 
strata.  The  lowest  Jurassic  stratum  is  the  Upper  Kimmerid^ 
(which  forms  the  highest  part  of  the  Haut  Bray),  consisting  of  lime- 
stones, clays,  and  lumachelle,  more  or  less  sandy,  with  Ositea  virgvUa, 
the  two  latter  being  generally  septurated  by  a  band  of  compact  litho- 
graphic limestone ;  at  one  point,  however,  near  Utouvicamp,  a  lower 
zone  (the  Pterocerien  or  Astartien)  has  been  observed.  The  total 
thickness  of  the  Kimmeridge  in  the  Pays  de  Bray  is  estimated  at 
120  yards,  or  nearly  double  that  assigned  to  it  by  M.  Pellat  in  the 
Boulonnais. 

The  Portland  ian  is  divided  into  three  stages.  The  Lower  stage 
consists  of  glauconitic  grits  and  marly  limestone,  with  Anomia 
IcBvigata,  Sow.,  and  Ost  cataiaunica,  Lor.,  corresponds  to  the  Port- 
landian  of  the  Barrois  and  of  the  Jura,  and  is  considered  to  be  the 
equivalent  of  the  upper  zone  of  Kimmeridge  clay  in  England.  The 
upper  part  is  covered  by  a  calcareous  conglomerate  of  milky  and 
dark  quartz  pebbles,  which  has  a  great  resemblance  to  the  con- 
glomerate at  the  base  of  the  Portlandian  in  the  Bas  Boulonnais  ;  the 
thickness  of  this  stage  increases  from  35  metres  at  Neufchatel  to 
60  metres  at  Villembray. 

The  Middle  Portlandian,  composed  of  blue  marls  with  large 
Ammonites,  is  of  moderate  thickness,  and  is  considered  to  be  the 
exact  equivalent  of  the  Portlandian  clays  with  Ost.  expansa  of  the 
Boulonnais. 

The  Upper  Portlandian  consists  of  ferruginous  grits  and  sand,  with 
Trigonia  gihhosa,  is  of  limited  thickness  (about  8  to  10  metres),  and 
corresponds  to  the  Portland  stone  and  sand  of  England.  It  varies  in 
composition  in  the  northern,  central,  and  southern  parts  of  the 
district ;  in  the  central  area  the  fossils  are  frequently  highly  silicified. 

The  grits  and  sands  of  the  Upper  Portlandian  are  succeeded  by  a 
formation  with  a  lacustrine  facies,  which  M.  Graves  long  since 
recognized  as  the  equivalent  of  the  Neocomian  group  of  the  Haute 
Mai-ne  and  of  the  Jura.  The  lower  stage  of  white  sands  and  re- 
fractory clays  is,  by  its  mineral  character  and  the  remains  of  ferns 
it  contains,  very  analogous  to  the  Weald-clay  of  England.  The  clay 
(glatse),  an  essential  element  of  this  stage,  has  been  largely  worked. 
M.  de  Lapparent  considers,  from  the  special  nature  and  irregularity 

1  It  is  from  this  character  that  the  name  of  the  region  is  derived,  for  the  word 
Bray  comes  from  Brai'um,  which,  in  the  ancient  language  of  Gaul,  signifies  bone, 
markage^  or  lieu  humide. 
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of  the  clay,  that  it  is  probably  due  to  thermal  origin ;  and  cites  the 
opinion  of  M.  Dumont,  who  attributed  to  a  geyserian  origin  the 
Aaekenien  deposits  of  sand  and  clay  in  the  Hainaut,  and  which  are 
considered  to  belong  to  the  Wealden  of  England  and  that  of  Bray 
(p.  63).  The  Middle  Neocomian,  from  15  to  25  yards  in  thickness, 
is  formed  of  sands,  or  ferruginous  grit,  and  of  more  or  less  black 
fthaly  clay ;  marine  remains  are  found  in  the  sand  (Gardinm  stibhil' 
lanum,  Pleuromya  neocomiensis),  and  ferns  (Lonchopteris  MantelU)  in 
the  clay,  pointing  somewhat  to  an  estuarine  origin.  To  these 
succeed  the  Upper  Neocomian  of  yariegated  clays  {glaise  panachee)^ 
from  15  to  25  metres,  and  which  are  largely  worked  for  pottery. 
The  Aptien,  with  Ost  aqnila,  d'Orb.,  succeeds ;  above  which  occurs  the 
Albien,  the  lower  part  consisting  of  green  sand  from  20  to  40  metres 
thick;  the  upper,  or  Gault,  of  variable  thickness  (6  to  30  metres),  and 
containing  the  usual  characteristic  fossils.  Am.  splendens,  Inoc.  stdcatus, 
L  eoncentricua,  eta  Above  the  Gault  is  a  deposit  termed  Gaize, 
about  40  metres  thick,  which  may  be  considered  as  a  passage 
between  the  Gault  below  and  the  Cenomanien  above  ;  it  is  composed 
of  day-marl  indurated  by  silica,  the  silica  being  partly  in  a  gelatinous 
or  soluble  form  (about  33  per  cent.).  The  contained  fossils  are 
Am.  roBtratua,  Sow.,  A.  auritus.  Sow.,  A.  falcatus,  Mant,  Fecten 
dongatua^  Sow.,  etc.  Above  the  Gaize  the  Cretaceous  deposits  be- 
come more  calcareous,  and  consist  of  the  glauconitic  and  marly 
Chalk,  and  the  nodular  White  Chalk. 

The  Tertiary  strata  are  not  well  represented,  but  traces  of  the 
Lower  Eocene  occur  on  two  sides  of  the  Bray,  which  attest  its  former 
extension  over  the  region  now  elevated.  A  chapter  is  devoted  to 
the  clay  with  flints  (argilea  a  8ilex)j  which  M.  do  Lapparent  attri- 
butes to  the  chemical  dissolution  of  the  chalk ;  this  clay  varies  in 
colour  from  brown  to  red  according  to  the  formation  with  which  it 
is  associated,  and  its  age  is  referred  to  the  end  of  the  Tertiary  period. 
The  ancient  and  modem  alluviums  and  turf-bogs  are  briefly  described, 
and  an  interesting  account  of  the  variation  of  the  Jurassic  and 
Cretaceous  strata,  and  their  relation  with  those  of  the  surrounding 
region,  concludes  the  second  part  of  the  memoir. 

The  elevation  of  the  Bray,  and  the  movements  to  which  it  has  been 
subjected,  forming  the  third  part  of  the  memoir,  are  treated  in  con- 
siderable detail,  and  full  of  suggestive  remarks  and  observations  on 
the  various  parts  of  the  district  examined  by  the  author,  including 
the  determination  of  the  age  of  the  elevation  (p.  149),  and  its  relation 
to  the  different  geological  disturbances  of  other  parts  of  France  * 
(p.  167). 

The  following  is  a  r^8umi  of  the  third  part :  "  The  dislocMion 
which  has  given  rise  to  the  Pays  de  Bray  forms  part  of  a  series  of 

*  In  alluding  to  the  researches  of  MM.  Hebert  and  de  Mercey  on  this  district, 
M.  de  Lapparent  does  not  mention  the  important  paper  by  Dr.  C.  Barrois  (Sur  la 
Terrain  Cretacd  Superieur),  in  which  that  author  concludes, — that  thu  axis  of 
Kijinclere  is  the  prolongation  of  the  axis  of  Artois,  the  axis  of  "Winchester  tliat  of 
tbeBresle,  and  the  axis  of  the  Isle  of  Wight  and  of  Purbeck  that  of  the  Pays  de 
Bny.    See  Gbol.  Mag.  Dec.  II.  Vol.  III.  p.  oI4. 
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parallel  disturbances,  affecting  the  north  of  France  from  the  Perche 
to  the  Artois,  following  a  direction  near  to  130°.  These  distarbances 
are  the  result  of  a  lateral  compression  which  has  produced,  through- 
out this  region,  a  succession  of  folds  alternately  convex  and  concave, 
or  anticlinal  and  synclinal.  Three  of  these  folds,  that  of  the  Seine 
valley,  that  of  the  Bray,  and  that  of  Artois,  have  been  particularly 
sharp,  so  that  at  many  points  faults  have  been  produced.  This 
effect  has  attained  its  maximum  in  the  Pays  de  Bray,  where  the 
Normandy  lip  or  side  of  the  disturbance  has  been  elevated  at  certain 
points  more  than  300  metres  above  the  Picardy  side.  Besides, 
throughout  its  course,  this  dislocation  shows  differences  of  intensity 
which  appear  to  have  an  intimate  connexion  with  the  occurrence  of 
former  geological  disturbances. 

''The  dislocation  of  Bray,  like  that  of  Artois,  appears  to  have 
occurred  towards  the  close  of  the  Eocene  Epoch,  between  the  period 
of  the  limestones  of  Saint-Ouen  and  that  of  the  gypsum.  Subsequently 
the  region  has  been  affected  by  fresh  movements,  contemporaneous 
with  the  diversion  of  the  Beauce  Lake,  which  is  shown  by  two 
systems  of  conjugate  directions:  the  first  is  the  north-east  and 
south-west  system  of  the  valley  of  the  Oise ;  the  second,  directed 
from  west-north-west  to  east- south-east,  is  that  of  the  hills  of  the  Fon- 
tninbleau  sands,  as  in  the  forest  of  that  name  in  the  environs  of 
Paris.  These  two  conjugate  systems  would  be  formed  at  the  same 
time  as  the  elevation  of  the  Western  Alps." 

The  memoir  is  illustrated  by  woodcuts,  a  neatly  executed  geolo- 
gical map,  and  three  plates,  showing  the  contours  of  the  formations, 
and  the  principal  hydrographio  and  orographic  directions  of  the 
Pays  de  Bray.  J.  M. 

II. — SuR   l'Invariabilite    du   Niveau    des    Mebs.      By   Dr.    H. 
Trautschold.     (Moscow,  1879.) 

THIS  author  is  not  disposed  to  take  anything  for  granted,  but  con- 
siders that  doubting  is  the  property  of  the  learned.  Thus,  on 
reading  an  article  wherein  the  fixity  of  the  level  of  the  seas  since 
the  beginning  of  geological  time  is  assumed,  he  takes  the  oppor- 
tunity of  disputing  the  assumption. 

His  position  is,  that  as  certain  parts  of  the  earth's  crust  rise  from 
the  bottom  of  the  sea  above  its  level,  this  latter  must  get  lower. 
The  surface  of  nearly  all  continents  has  formerly  been  sea-bottom. 
Tliis  surface  emerged  from  the  waters,  partly  in  consequence  of  up- 
hoaval8,  partly  in  consequence  of  the  retreat  of  the  ocean.  Propor- 
tionate to  the  formation  of  continents,  a  part  of  the  water  of  the 
seas  was  transported  thither  in  the  form  of  lakes,  rivers,  eternal 
snows,  glaciers,  and  organic  matter.  Consequent  on  this  process  the 
water  of  the  ocean  is  diminished  and  its  level  lowered.  Proportion- 
ate to  the  cooling  of  the  earth,  ice  accumulates  near  the  poles,  and 
upon  the  mountains,  water  is  sucked  more  deeply  into  the  crust,  and 
the  formation  of  hydrated  minerals  displays  itself  everywhere. 

Tlie  author  points  out  that  the  prejudice  as  to  the  stability  of  the 
sea's  level  has  not  always  existed,  and  that  in  the  middle  of  the  last 
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oentary  de  Maillet  oonoeived  a  project  for  estimating  the  diminution 
of  the  water.  He  also  quotes  Pettersen  (Qeol.  Mag.  July,  1879, 
p.  298)  y  who  has  shown,  as  regards  Scandinavia,  that  the  changes  of 
that  coast-line  must  have  gone  on  quite  uniformly  in  the  tracts  from 
the  Varanger  Fjord  to  Bergen,  a  distance  of  nearly  2000  miles,  nor 
does  there  appear  evidence  of  any  portion  of  the  peninsula  sinking. 

The  subject  is  dealt  with  as  an  essay  in  favour  of  a  certain  thesis, 
and  the  points  which  tell  against  it  are  not  brought  into  prominence ; 
nevertheless,  the  pamphlet  is  a  highly  suggestive  one,  and  contains 
much  that  is  worthy  of  consideration  on  the  part  of  geologists,  by 
whom  the  ^*  mouvement  de  bascule,"  so  ably  disputed  as  regards  the 
Scandinavian  peninsula,  has  perhaps  been  too  frequently  urged. 

W.  H.  H. 
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March  24,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — ^The  following  communication  was  read : — 

"The  Newer  Pliocene  Period  in  England. — Part  I.  Comprising 
the  Ked  and  Fluvio-marine  and  Crag  and  Glacial  Formations.*'  By 
Searles  V.  Wood,  Esq.,  Jun.,  F.G.S. 

The  author  divided  this  part  of  his  subject  into  ^"vq  stages,  com- 
mencing with 

Stage  I.  The  Bed  Crag  and  its  partially  fluvio-marine  equivalent. 
The  Red  Crag  he  regards  as  having  been  a  formation  of  batiks  and 
foreshores  mostly  accumulated  between  tide-marks,  as  shown  by  the 
character  of  its  bedding.  The  southern  or  Walton  extremity  of 
this  formation,  which  contains  a  molluscan  fauna  more  nearly  allied 
to  that  of  the  Coralline  Crag  than  does  the  rest  of  it,  beciine  (as  did 
also  the  rest  of  the  Red  Crag  south  of  Chillesford  and  Butley)  con- 
verted into  land  during  the  progress  of  the  formation ;  while,  at  its 
northern  or  Butley  extremity,  the  sea  encroached,  and  an  estuary 
extending  into  East  Norfolk  was  also  formed ;  during  which  geo- 
graphical changes  a  change  took  place  in  the  molluscan  fauna,  so 
that  the  latest  part  of  the  Ked  Crag  proper  and  the  earliest  part  of  the 
fluvio-marine  (both  containing  the  northern  species  of  niollusca  and 
those  peculiar  forms  only  which  occur  in  older  glacial  beds)  alike 
pass  up  without  break  into  the  Chillesford  saud  and  laminated  clay, 
which  form  the  uppermost  member  of  the  formation.  He  also 
r<»gard8  the  principal  river  of  this  estuaiy  as  flowing  into  it  from 
North  Britain,  through  the  shallow  preglacial  valley  of  Chalk,  in 
which  stands  the  town  of  Cromer,  and  in  which  the  earlier  bods  of 
Stage  II.  accumulated  in  greatest  thickness.  The  forest  and  fresh- 
water beds,  which  in  this  valley  underlie  the  beds  of  Stage  II.,  ho 
regards  as  terrestrial  equivalents  of  the  Red  Crag ;  and  having  ob- 
served rolled  chalk  interstratified  with  the  base  of  the  Chillesford 
clay  in  Saston-Bavent  cliff,  he  considers  this  to  show  that  so 
early  as  the  commencement  of  this  clay  some  tributary  of  the  Crag 
ri?er  was  entered  by  a  glacier  in  the  Chalk  country,  from  which 
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river-ice  could  raft  away  this  material  into  the  estuary.  He  also 
regards  the  copious  mica  which  this  clay  contains  as  evidence  of  ioe- 
degradation  in  Scotland  having  contributed  to  the  mud  of  this 
river. 

In  Stage  II.  he  traced  the  conversion  of  some  of  this  laminated 
clay,  occupying  sheet  49  and  the  north-east  of  sheet  50  of  the  Ord- 
nance map,  into  land,  the  accumulation  against  the  shore  of  this 
land  of  thick  shingle-beaches  at  Halesworth  and  Henham,  and  the 
outspread  of  this  in  the  form  of  seams  and  beds  of  shingle  in  a  sand 
originally  (from  its  yielding  shells  in  that  region)  called  by  him 
the  Bure-valley  bed,  and  which  Prof.  Prestwich  recognized  under 
the  term  "Westleton  Shingle."  As  the  valley  of  the  Crag  river 
subsided  northwards  as  the  conversion  of  this  part  of  the  Ohil- 
lesford  clay  into  land  occurred,  there  was  let  in  from  the  direc- 
tion of  the  Baltic  the  shell  Tellina  balthiea,  which  is  not  present  in 
the  beds  of  Stage  I.  The  formation  thus  beginning  he  traced  south- 
wards nearly  to  the  limit  in  that  direction  of  the  Chillesford  clay 
about  Chillesford  and  Aldboro'.  The  Cromer  Till  he  regards  as  the 
modification  of  this  formation  by  the  advance  of  the  Crag  glaciers 
into  the  sea  or  estuary  where  it  was  accumulated,  such  advance 
having  been  due  partly  to  this  northerly  subsidence,  but  mainly  to 
the  increase  of  cold.  Then,  after  describing  a  persistent  uncon- 
formity between  this  Till  and  the  Contorted  Drift,  from  the  eastern 
extremity  of  the  Cromer  cliff  (but  which  does  not  appear  in  the 
western)  to  its  furthest  southern  limit,  he  showed  how  the  great  sub- 
mergence set  in  with  this  drift,  increasing  much  southwards,  but 
still  more  westward  towards  Wales.  The  effect  of  this  was  to  sub- 
merge the  area  of  Eed  Cmg  converted  into  land  during  Stage  I.,  so 
that  the  Contorted  Drift  lies  upon  it  60  feet  thick,  and  to  cause  tlie 
retreat  of  the  ice  which  had  given  rise  to  the  Till  to  the  slopes  of 
the  Chalk  Wold ;  whence  masses  of  reconstructed  chalk  were 
brought  by  bergs  that  broke  off  from  it  and  were  imbedded  by  their 
grounding  in  this  drift,  contorting  it  (and  in  those  parts  only)  by 
the  process.  He  then  traced,  in  the  form  of  gravels  at  great  eleva- 
tions, the  evidences  of  this  submergence  southwards  and  westwards, 
showing  it  to  have  increased  greatly  in  both  directions,  but  mostly 
in  the  western ;  and  he  connects  these  gravels  with  the  Contorted 
Drift  by  the  additional  evidence  of  one  of  these  marl  masses,  in 
which  he  found  a  pit  excavated  near  the  foot  of  Danbury  Hill,  in 
the  London-clay  country  of  South  Essex,  and  which  hill  is  covered 
from  base  to  top  by  this  gravel.  The  gravel  which  thus  covers 
Danbury  Hill,  of  which  the  summit  has  an  elevation  of  367  feet, 
rises  in  North  Kent  to  upwards  of  600  feet ;  to  between  400  and  600 
feet  on  tlie  Neocomian  within  the  Weald;  to  600  feet  in  North 
Hants  (where  it  overlooks  the  Weald),  and  also  in  Wilts,  Berks,  and 
the  adjoining  parts  of  Bucks ;  to  420  feet  in  South  Hants ;  to  640 
feet  in  Oxfordshire;  to  400  feet  in  Cornwall;  to  upwards  of  700 
(and  perhaps  1000  and  more)  in  the  Cottes wolds ;  to  1200  feet  in 
Lancashire,  and  to  1340  feet  in  North  Wales.  Eastwards,  through 
Kent  towards  Francei  their  elevation  falls,  and  in  the  North  of 
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France  appears  to  be  about  130  feet ;  from  whence  the  evidences 
the  submergence  are  furnished  northwards  by  the  Campinian  san 
and  the  diluvium  of  North  Germany  and  Holland. 

In  Stage  III.  the  author  traced  the  rise  from  this  depression,  t 
increase  of  the  ice  from  the  greater  snow  interception  caused  by 
on  the  Pennine  chain,  and  the  consequent  advance  of  the  glacier- 
land-ice.  This  advance  gave  rise  to  the  Chalky  Clay,  which  was  t 
morainio  mud-bank  which  preceded  this  glacier,  and  was  pushed  ] 
it  as  it  advanced  and  the  land  rose,  partly  into  the  shallow  s 
(where  it  covered  and  protected  for  a  time  the  gravel  which  w 
synchronously  forming  there),  and  partly  on  to  the  land ;  and 
the  aid  of  maps  he  showed  the  islands  that  were  overwhelmed  by 
He  then  showed,  by  a  line  on  a  map,  the  limit  up  to  which  this  i< 
as  it  thickened,  cut  through  and  destroyed  this  first  deposited  m 
mine  and  the  gravel  which  it  had  covered,  as  well  as  such  beds 
Stage  II.  as  were  formed  there,  all  this  material  being  pushed  on 
add  to  later  deposited  moraine.  Outside  this  line  the  gravel  1 
the  most  part  remains  undestroyed,  its  contents,  particularly 
the  uppermost  layers,  showing  that  it  was  fed  by  the  approachii 
moraine.  By  the  level  at  which  the  junction  of  tliis  gravel  wi 
the  moraine  clay  occurs  he  traces  the  position  of  tho  sea-lino  at  tl 
time  (towards  the  end  of  the  formation),  and  finds  it  to  rise  alo 
the  south-eastern  edge  of  the  clay,  from  40  feet  in  N.E.  Suffo 
to  160  feet  in  South  Essex,  and  from  that  along  the  south- weste 
edge  to  upwards  of  350  feet  in  North  Warwickshire  and  the  pa: 
of  Northamptonshire  adjoining,  all  this  agreeing  with  the  origii 
increment  of  submergence  in  Stage  11.  He  then  showed,  from  e^ 
dence  afforded  by  the  Yare  and  Gipping  valleys,  that  this  \\ 
ceasing  to  advance  in  East  Anglia,  shrunk  into  the  valleys  of  tl 
district,  exposing  the  moraine  it  had  previously  laid  down  to  t 
growth  of  vegetation,  and  issued  only  through  these  valleys  to  t 
8ea.  The  Hoxne  palseolithio  brickearth  he  regards  as  the  depo 
of  a  lagoon  produced  from  the  interception  of  the  drainage  of  tl 
surface  by  the  glacier-tongue  thus  passing  through  the  Waven 
valley.  The  Brandon  palaeolithic  brickearth  he  regards  as  connect 
with  the  same  state  of  things. 

In  Stage  IV.  he  described  the  plateau  and  cannon-shot  grav( 
of  Norfolk  as  resulting  from  the  washing  out  of  the  morainic  cl 
by  the  melting  of  this  ice,  which,  though  shrunken  into  the  valle 
of  the  East  of  Norfolk,  still  lay  high  and  in  mass  in  West  Norfol 
and  showed  that,  by  having  regard  to  the  different  inclination  of  t 
land  thus  traced,  the  position  of  this  gravel  is  reconcilable  in  no  otl 
way.  The  cannon-shot  part  of  it  he  attributed  to  tho  torrei 
pouring  from  this  high-lying  ice  over  the  west  side  of  the  Wensi 
valley  ;  and  the  plateau  gravels  to  the  deposition  of  other  parts  of  t 
same  spoil  carried  into  East  Norfolk  at  the  commencement  of  t 
process  and  while  the  ice  had  not  thawed  out  of  the  valleys,  tl 
gravel  afterwards,  as  the  valley-ice  thawed,  being  deposited  in  the 
He  also  traced  the  excavation  of  the  trough  occupied  by  the  Bf 
and  Steeping  rivers  in  Lincolnshire  to  the  same  cause.     The  fir 
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or  sandy  part  of  ibis  material  has  an  extensive  spread  in  Soath- 
west  Norfolk,  forming  thick  beds;  and  in  a  thinner  form  spreads 
over  North-west  Suffolk,  where  it  wraps  the  denuded  edges  of  the 
Hoxne  and  Brandon  paliieolitbic  brickearths. 

In  Stage  V.  he  traced  the  line  of  gravels  that  overlie  the  Chalky 
Clay  where  this  clay  entered  the  sea.  This  entry  to  the  sea  over 
the  Severn  drainage-system  took  place  by  way  of  the  watershed 
between  the  Welland  and  Avon,  and  by  the  valley  of  the  latter. 
Its  entry  into  the  sea  over  the  Thames  system  was  by  way  of  the 
watershed  between  this  system  and  that  of  the  great  Ouse  in  South 
Bucks,  as  well  as  by  the  valley  of  the  Colne,  Lea,  and  Boding,  and 
over  the  lower  part  of  the  watershed  in  South-east  Essex.  Its 
entry  into  the  North  Sea  was  by  the  valleys  of  the  Blackwater, 
Gipping,  and  other  Essex  and  Suffolk  valleys,  the  entry  by  the  Yare 
and  Waveney  being  far  out  beyond  the  present  coast-line.  He  also 
traced,  by  similar  evidence,  the  extent  to  which  the  sea  entered  the 
Trent  system  after  the  ice  vacated  it  This  line  of  gravel  (after 
allowing  for  the  case  that  the  level  of  the  junction  of  the  gravel 
beneath  the  clay  represents  that  of  the  sea-bottom,  while  that  over 
the  clay  more  nearly  represents  that  of  the  sea-top),  he  showed  to 
correspond  with  that  of  the  junction  of  the  gravel  beneath  the  clay 
80  far  as  this  is  not  destroyed  in  the  parts  where  the  ice  did  not 
shrink  into  the  valleys;  and  it  also  agrees  with  this  line,  sup- 
plemented by  the  amount  of  rise  in  the  interval  where  the  ice  did 
80  shrink.  Along  the  south-western  edge  of  the  clay  this  line  of 
gravel,  subsequent  to  the  clay,  falls  from  near  400  feet  in  Bucks  to 
150  feet  in  South  Essex ;  from  whence  northwards  along  the  south- 
eastern edpje  it  falls  uniformly  to  Ordnance  datum  in  central  East 
Suffolk,  and  probably  continued  to  fall  to  100  feet  or  so  below  this 
at  the  extreme  point  where  the  ice  from  the  Yare  valley  entered  the 
North  Sea  far  beyond  the  present  coast.  Along  the  north-western 
edge  of  the  formation  this  line  falls  northwards  in  a  corresponding 
way  to  that  on  the  south-eastern  edge,  save  that>  starting  there  from 
near  3o0  feet,  it  does  not  fall  below,  if  even  quite  down  to  Ordnance 
datum  near  the  Wash.  He  then  traced  the  extent  to  which  the  sea 
on  the  west,  deepening  in  that  direction  in  accordance  with  the 
original  depression  of  Stage  II.,  entered  the  valleys  of  the  area 
covered  by  the  ice  of  the  Chalky  Clay  as  this  vacated  it;  the  carrying 
out  through  the  Welland  and  Avon  valleys  of  the  red  and  white 
chalk  spoil  of  the  Bain -Steeping  trough,  and  its  deposition  in  the 
Cotteswold  gravel  up  to  a  high  level,  coming  from  the  Avon  system 
over  the  Gloucestershire  water-parting  into  the  valley  of  the  Even- 
lode,  a  part  of  the  Thames  system. 

All  river-gravels  north  of  the  point  where  the  line  of  gravel  over 
the  clay  sinks  below  Ordnance  datum,  he  regards  as  concealed  below 
the  alluvium,  and  at  depths  proportional  to  the  fall  of  that  line. 
Examining  in  detail  the  grounds  for  the  contrary  opinion  heretofore 
held  by  himself  and  by  geologists  in  general,  that  the  great  sub- 
mergence succeeded  the  principal  glaciation  of  England,  he  rejected 
that  opinion ;  and  no  longer  regarding  the  basement  clay  of  Hoi- 
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demess  (with  its  ancient  mollusoan  faoies)  as  identical  with  the 
Chalky  Clay,  bat  as  moraine  synchronous  with  the  Till  of  Cromer,  he 
considered  the  gravels  with  shells  at  extreme  elevations  in  Lancashire 
to  have  preceded  all  glacial  clays  but  these,  and  to  have  escaped 
destruction  by  the  advance  of  the  ice  during  the  rise  only  at  the 
south  end  of  the  western  slope  of  the  Pennine  chain,  those  on  the 
eastern  having  been  wholly  swept  away ;  but  that  gravels  were 
deposited  on  the  east  side  of  the  Pennine  after  the  dissolution  of  the 
Chalky-clay  ice  up  to  the  reduced  height  of  the  sea-level  at  that  time, 
and  so  far  as  the  ice  of  the  purple  clay  allowed  the  sea  to  come. 
He  then  relinquished  the  opinion  formerly  held  by  him  that  the 
passage  of  the  Shap  blocks  was  due  to  floating-ice,  and  referred  this 
to  the  land- ice  crossing  the  Pennine  chain  consequent  upon  greater 
enow  interception  from  the  progress  of  the  rise ;  and  to  the  same 
cause  he  referred  the  drift  which  rises  high  on  the  eastern  slope  of 
the  Pennine  ridge  north  of  the  Aire.  To  this  crossing  of  the  ice  having 
diverted  first  a  part  and  then  the  whole  of  the  ice  supply  of  the 
Chalky-clay  glacier,  he  attributed  first  the  shrinking  of  that  glacier 
into  the  valleys  in  East  Anglia,  and  afterwards  its  dissolution  by  the 
agencies  always  rife  in  the  Greenland  ice  (but  which  are  there 
balanced  by  continual  reinforcement),  when  by  this  diversion  its 
reinforcement  by  ice  from  the  Pennine  chain  ceased.  The  purple  clay 
of  Holdemess,  being  thus  in  its  lowest  part  in  Holderness  coeval 
with  the  valley-formed  portion  of  the  Chalky  Clay  of  Norfolk  and 
Suffolk  (or  "third  Boulder-clay"  of  Harmer),  was  the  moraine  of 
this  invading  ice,  which,  after  crossing  at  Stainmoor,  divided  against 
the  eastern  moorlands  of  Yorkshire  ;  and  one  branch  going  north  of 
these  moorlands  through  the  valley  of  the  Tees,  sent  off  an  arm  down 
their  eastern  flank,  the  moraine  from  which  is  the  narrow  bolt  of 
purj)le  clay  which  skirts  the  Yorkshire  coast  north  of  Holderness, 
and  spreads  out  wider  in  Holderness.  This  arm  in  consequence  of 
the  Chalky-clay  ice  not  having  (from  the  westerly  increment  of 
depression)  descended  the  eastern  slope  of  the  Wolds,  found  sea 
there  covering  the  basement  clay  of  Holderness..  in  which  sea  it 
stopped  between  the  Humber  and  the  Wash,  by  means  of  which  the 
lower  part  of  the  purple  clay  up  to  the  level  of  about  150  feet, 
contains  intercalated  in  it  beds  of  sand  and  gravel,  and  contains 
shells  and  shell-fragments,  as  does  the  Lancashire  clay  similarly 
extruded  beneath  the  sea.  The  other  branch  came  south  alonj^j  the 
western  flank  of  the  east  moorlands  and  through  the  Vale  of  Y'ork, 
where  it  ended,  and  became  stationary  in  the  sea  as  this  entered  the 
Trent  system  on  the  final  dissolution  of  the  chalky-clay  glacier. 

The  author  discovers  no  trace  of  anything  like  the  intercalation 
of  warm  periods  up  to  the  stage  with  which  he  concludes  this  part 
of  his  memoir ;  and  leaves  the  description  of  the  later  beds,  as  well 
as  an  examination  how  far  arboreal  vegetation  and  the  coexistence 
of  Pachyderms  and  Proboscideans  can  be  reconciled  with  the  con- 
tiguity of  extensive  land-ice,  for  the  concluding  part  of  it. 
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Gkoix)Gioal  Society  op  France. — ^This  important  body  celebrated 
ita  50th  Anniversary  on  April  Ist,  1880,  in  the  apartments  of  the 
Society,  184,  Boulevard  St-Germain,  Paris.  The  chair  viras  taken 
by  Prof.  A.  Daubrde,  Memb.  Inst,  Inspector-General  of  Mines,  last 
year's  President.  An  elaborate  report  was  read  by  M.  de  Lapparent, 
this  year's  President  of  the  Society,  reviewing  the  labours  of  the 
Society  since  its  foundation. 

Mr.  Thomas  Davidson,  F.R.S.,  F.G.S.,  attended  the  meeting  as 
the  English  delegate,  being  accredited  to  represent  the  chief  learned 
societies  of  this  country.  As  one  of  the  oldest  members  of  the 
,  French  Society,  and  a  former  resident  in  Paris,  where  his  scientific 
labours  are  well  known  and  highly  appreciated,  Mr.  Davidson  met 
with  a  most  cordial  and  enthusiastic  reception.  He  delivered  a 
congratulatory  speech  in  French.  Prof.  L.  G.  de  Koninck  (Belgium), 
Sig.  Capellini  (Italy),  Sig.  Vilanova  (Spain),  Prof.  Mojsisovics 
(Austria),  etc.,  also  addressed  the  meeting.  The  proceedings  con- 
cluded by  a  banquet  at  the  Hotel  Continental,  at  7  p.m.,  at  which 
eighty  members  and  delegates  were  present 


Geologists'  Association. — Upwards  of  100  members  and  guests 
of  this  flourishing  Society  assembled,  at  the  St.  James's  Restaurant, 
on  March  4th,  1880,  to  celebrate  by  a  Memorial  Dinner  "  the  coming 
of  age  "  of  the  Association.  The  chair  was  occupied  by  the  President, 
Prof.  T.  Rui>ert  Jones,  F.R.S.,  F.G.S.,  supported  by  the  Rev.  T. 
Wiltshire,  M.A.,  F.G.S.,  Prof.  John  Morris,  M.A.,  F.G.S.,  R. 
Etheridge,  F.R.S.,  Pres.  Geol.  Soc,  Dr.  Hyde  Clarke,  Prof.  Owen, 
C.B.,  M.D.,  D.C.L.,  LL.D.,  etc..  Rev.  Prof.  Bonney,  F.R.S.,  Capt. 
C.  C.  King,  R.M.A.,  Mr.  J.  S.  Gardner,  F.G.S.,  Dr.  E.  B.  Tyler, 
F.R.S.,  Pres.  Anthrop.  Inst,  W.  Carruthers,  F.R.S.,  F.G.S.,  Henry 
Woodward,  LL.D.,  F.R.S.,  Wilfrid  H.  Hudleston.  F.G.S.,  Dr.  J. 
Foulerton,  F.R.S.E.,  F.G.S.,  J.  Logan  Lobley,  F.G.S.,  and  other 
leading  geologists. 

In  proposing  **  The  Geologists'  Association  and  its  Founders,"  the 
President  gave  an  admirable  sketch  of  the  origin,  rise,  and  develop- 
ment of  the  Association,  and  of  the  work  it  had  carried  on. 

Few  Societies  have  had  a  brighter  career  or  have  done  more  solid 
work  in  twenty -one  years  than  this  Association. 

The  Rev.  T.  Wiltshire,  one  of  the  Founders  who  was  present, 
referred  to  the  advantage  derived  by  the  accession  of  the  members 
of  the  PalflBontographical  Society  in  its  early  days.  Profs.  Owen, 
Morris,  Bonney,  Messrs.  Etheridge,  John  Jones,  Carruthers,  Tylor, 
Lobley,  and  othei's  responded. 

Geologists' Association. — Easter  Excursion. — A  most  successful 
excursion  of  the  Geologists'  Association  took  place  on  March  29th 
and  30th,  to  Bournemouth,  Christchurch,  and  Lymington,  to  study 
the  Eocene  Tertiary  plant  and  shell-beds  along  the  coast,  under  the 
able  guidance  of  Mr.  J.  S.  Gardner,  F.G.S.  The  entire  series  of 
beds  from  Poole  Harbour  to  Lymington  was  examined,  and  numerous 
points  of  geological  interest  studied  in  detail.  The  weather  proved 
MWt  propitious. 
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PROF.  J.  MILNE  ON  THE  DISTRIBUTION  OF  VOLCANOS. 

Sir, — We  are  fortunate  in  having  Prof.  Milne  residing  near  the 
▼olcanic  band  of  the  Pacific  coast,  and  shall  no  doubt  have  our  know- 
ledge of  vulcanology  advanced  by  his  studies.  There  is  cogency  in  the 
reasons  whieh  he  adduces,  to  explain  the  occurrence  of  vents  along 
the  steep  margins  of  oceans,  through  the  thickening  of  the  crust  by 
the  cooling  effect  of  the  water.  He  tells  us  that,  ''  without  entering 
into  any  calculations  on  the  subject,  it  is  not  at  all  unlikely  that,  as 
in  one  case  we  have  land  cooling  beneath  an  atmosphere  and  the 
compensating  effects  of  a  sun,  whilst  in  the  other  case  we  have  Isoid 
cooling  beneath  water,  which,  from  all  we  know  about  deep-sea 
temperatures,  is  usually  very  cold,  we  should  find  any  given  isotherm 
at  a  much  greater  depth  beneath  the  rocks,  which  form  the  bed  of  an 
ocean,  as  compared  with  the  depth  at  which  we  find  it  beneath  the 
rocks  which  form  the  land." 

But  why  not  "  enter  into  calculation,"  when,  as  in  the  present 
case,  that  is  so  easy,  and  add  what  this  "much  greater  depth  "  will  be? 

Say  that  the  mean  temperature  of  England  is  60^  Fahr.  And 
suppose  the  temperature  of  the  sea-bottom  to  be  32°.  The  difference 
is  18°.  Then,  allowing  an  increase  near  the  surface  of  one  degree 
for  every  50  or  60  feet  of  descent,  the  melting  temperature  of  rock 
(whatever  that  may  be)  will  be  reached  18  times  60  or  60  feet  lower 
beneath  the  ocean-bottom,  than  beneath  England.  This  will  make 
the  crust  only  from  900  to  1080  feet  thicker  beneath  the  sea-bottom. 
But  the  melting  temperature  will  be  reached  actually  nearer  to  the 
solid  surface  beneath  the  sea-bottom,  than  beneath  dry  ground, 
which,  as  in  parts  of  Siberia,  is  perpetually  frozen. 

I  cannot  help  suspecting  that  Professor  Milne  had  in  his  mind  a 
greater  difference  than  the  above,  when  he  used  the  words  **  much 
greater  depth."  And  I  am  sure  that  to  geologists  in  general,  whose 
ideas  of  time  and  space  are  formed  upon  a  vast  scale,  these  words 
would  convey  a  much  larger  meaning  than  the  modest  fact. 

It  is  really  time  that  scientific  men  and  excellent  geologists,  like 
my  friend  Mr.  S.  V.  Wood,  jun.,  should  cease  to  quote  with  approval 
such  an  unphilosophic  saying  as  that  "  figures  may  be  made  to  prove 
anything."  Figures  do  but  carry  out  to  its  legitimate  conclusion 
some  foregone  assumption.  If  the  result  be  wrong,  not  the  figures, 
but  the  assumption  is  in  fault.  For  instance,  if  there  is  any  error  in 
the  result  of  the  abstruse  calculation  which  I  have  indicated  above, 
it  lies,  not  in  the  application  of  the  multiplication  table,  but  in  the 
assumption  that  the  temperature  of  the  ground  beneath  land  and 
sea  alike  increases  near  the  surface  by  one  degree  Fahr.  for  every 
fifty  or  sixty  feet  of  descent 

If  this  assumption  is  doubted,  I  think  I  have  shown  why  it  is 
correct,  in  the  Phil.  Mag.  for  June  1879,  p.  382.  0.  Fisheb. 

Harlton,  Cambridge,  10th  April,  1880. 
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THE    GLACIAL    DEPOSITS    OF   CROMER. 

Sib, — Knowing  the  great  objection  that  geologists  have  to  long 
papers,  at  least  to  those  of  other  people,  I  tried  in  my  account  of  the 
Glacial  Deposits  of  Cromer  ^  to  condense  into  eleven  pages  the  main 
results  of  four  years'  work,  and  of  several  thousand  notes.  I  am 
afraid  that  in  so  doing  I  have  omitted  to  make  sufficiently  clear  my 
reasons  for  arriving  at  conclusions  very  different  from  those  of 
previous  observers. 

I  must  thank  Mr.  0.  Fisher  for  his  courteous  and  unbiassed 
references  to  my  paper,  and  observe  that  others  also  have  drawn 
my  attention  to  the  insufficient  explanation  given  of  the  supposed 
action  of  the  ice-sheet. 

The  thick  mass  of  contorted  beds  near  Cromer  I  consider  to  be 
quite  a  local  phenomenon,  as  will  be  seen  by  my  paper,  and  I  think 
Mr.  S.  V.  Wood,  jun.,  is  quite  unjustified  in  trying  to  saddle  me  with 
the  absurd  theory  that  the  "  ice  has  shoved  Norfolk  out  of  its  place." 
I  stated  that  "  the  mound  of  contorted  beds  pushed  up  by  the  ice 
still  remains  and  forms  the  high  land  near'Cromer." 

The  contortions  near  Norwich,  in  the  Waveney  Valley,  etc.,  were, 
I  think,  formed  by  the  sliding  of  the  ice  over  the  beds,  or  perhaps 
ploughed  up  on  the  first  advance  of  the  ice-sheet.  The  mound  at 
Cromer  seems  to  have  been  pushed  along  by  the  ice  from  the  N.E., 
till  the  mass  of  contorted  beds  reached  such  a  thickness  as,  for  a  time 
at  least,  to  entirely  stop  the  flow,  and  allow  the  smaller  flow  from 
the  chalk  hills  to  follow  the  slope  of  the  ground  independently  of 
the  larger  sheet.  The  Contorted  Drift  is  beds  of  any  age  contorted 
at  the  time  of  the  formation  of  the  Chalky  Boulder-clay,  and  I  ought 
to  have  given  a  distinct  name  to  the  probably  sedimentary  and 
slightly  contorted  Boulder-clay  also  called  "  Contorted  Drift ;  "  but 
from  the  way  that  any  bed  may  pass  laterally  into  Contorted  Drift, 
I  found  it  in  practice  often  difficult  to  separate  them. 

My  difficulties  in  accepting  Mr.  Fisher's  view,  that  the  contortions 
were  formed  by  the  dead  weight  of  masses  let  down  from  above, 
are  firstly — that  I  cannot  find  a  single  case  where  uncontorted  beds 
have  been  deposited  over  the  contorted  ones,  though  at  first  sight 
many  sections  have  that  appearance ;  and,  secondly,  that  no  weight 
we  can  imagine  possible  could  drive  up  the  solid  chalk  at  Trimming- 
ham  in  a  ridge  three-quarters  of  a  mile  long  from  N.W.  to  S.E.,  and 
apparently  about  250  yards  wide,  this  disturbance,  it  must  be 
remembered,  aflecting  not  merely  the  chalk,  but  200  feet  of  over- 
lying clays  and  sands.  It  was  from  observing  this  and  similar 
ridges  that  I  came  to  the  conclusion  that  the  contortions  must  have 
been  formed  by  slow,  steady,  lateral  pressure  from  the  N.E.  On 
first  examining  the  coast,  the  impression  given  by  the  contortions  is, 
that  they  are  hopelessly  confused ;  but  after  two  years'  work  at  the 
sections  and  maps,  I  found  that  they  resolved  themselves  roughly 
into  a  series  of  folds  with  the  longer  axes  parallel  with  the  coast 

With  regard  to  the  curious  hollows  in  the  Trimmingham  chalk 
mentioned  by  Mr.  Fisher,  I  have  examined  several,  and  they  seem 

»  Geol.  Mao.  Dec.  II.  Vol.  VII.  p.  55. 
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to  be  owing  to  the  sharp  folding  of  the  chalk,  causing  irregular 
cavities  to  open  in  various  places,  these  cavities  being  subsequently 
either  filled  with  material  from  above,  which  would  naturally  be 
stratified,  as  is  often  the  case  with  cave  deposits,  or,  as  in  one  instance 
that  I  examined,  apparently  always  empty.  The  folding  of  the 
chalk  shown  in  my  woodcut  can  now  be  easily  examined ;  but  in  1868, 
as  shown  by  Mr.  Fisher,  the  beach  was  much  higher. 

The  diagram,  Fig.  4,  of  my  paper,  was  only  intended  to  give  a 
general  idea  of  my  theory :  of  course  in  practice  soft  beds  would 
take  much  more  complicated  folds,  though  their  general  direction  is 
still  distinctly  traceable.  Unfortunately,  there  are  only  short  sections 
to  be  seen  at  right  angles  to  the  folds. 

The  extreme  shallowness  of  the  North  Sea  is  such  that  ice  even 
250  feet  thick  would  be  more  than  sufficient  to  dam  out  all  the 
water  in  the  southern  part,  and  supposing  a  submergence  of  200  feet 
at  the  time  of  the  Chalky  Boulder-clay,  about  500  feet  of  ice  would 
do  the  same.  At  the  same  time  the  beds  immediately  below  both 
the  Till  and  the  Chalky  Boulder-clay  are  fresh- water  and  not  marine. 
Nowhere  in  the  south  or  east  of  England  have  I  been  able  to  obtain 
evidence  of  a  contemporaneous  mariTie  fauna  in  any  Boulder-clay. 
With  regard  to  the  so-called  "  Great  Submergence/*  East  Anglia  has 
at  present  yielded  no  trace  of  it ;  and  if  it  had  affected  this  district, 
one  would  naturally  expect  to  find  remains  of  deep-water  deposits  in 
such  a  flat  country.  Clement  Eeid. 

THE  TERM   "SCHIST." 

Sib, — The  question  raised  by  Dr.  Callaway  in  the  last  number  of 
the  Geological  Magazine  will  doubtless  elicit  many  answers 
embodying  various  shades  of  opinion.  Be  these  opinions  what  they 
may,  the  word  Schist  has  in  one  respect  a  definite  signification  in 
common  with  the  word  schism, 

A  schism  is  a  split  of  some  kind,  it  may  be  large  or  small.  A 
fault  is  a  schism ;  a  joint-plane  is  a  schism ;  cleavage  is  schismatic, 
and  foliation  and  lamination  also  give  rise  to  schismatic  or  schistose 
tendencies  in  the  rocks  in  which  they  occur.  I  think,  therefore, 
that  Mr.  Allport  is  perfectly  justified  in  using  the  adjectives  schistose 
and  fissiU  synonymously. 

The  only  restriction  which  long  usage  appears  to  have  imposed 
upon  the  term  "  schist "  is  that,  whether  a  foliated  or  a  laminated 
rock,  the  planes  of  fission  (if  planes  they  can  bo  called,  for  they  are 
often  small  and  irregular  surfaces  of  parting)  should  coincide  either 
with  the  direction  of  lamination  or  with  that  of  foliation.  Foliation 
and  lamination  are  not  always  coincident. 

It  seems  no  reason  that  because  the  chief  foliated  rocks  are  spoken 
of  as  "crystalline  schists  "  that  therefore,  no  other  rock,  no  matter 
bow  fissile,  should  be  excluded  from  the  benefit  of  a  term  to  which 
its  structure  may  quite  well  entitle  it. 

To  express  my  own  opinion,  I  should  say  that  I  fail  to  appreciate 
Jukes's  definition,  and  that  in  common  with  Mr.  Allport  I  use  schis- 
teie  and  finsile  as  convertible  terms  when  the  fission  is  not  of  that 
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perfect  kind  which  characterizes  slates  and  shales.  I  would,  there^ 
fore,  restrict  the  term  "  schistose  "  to  an  imperfect  or  irregularly 
fissile  structure.  In  this  respect  I  take  it  that  a  schist  differs  from  a 
shale.  The  definitions  of  such  closely-allied  terms  must,  however, 
depend  upon  preponderance  of  evidence  concerning  the  special  and 
distinct  senses  in  which  they  have  been  employed.  Their  correct 
application,  therefore,  is  essentially  based  upon  usage. 

Fkank  Rutley. 

LINNARSSON'S    RECENT    DISCOVERIES    IN    SWEDEN. 

Sib, — I  have  to  thank  Messrs.  Linnarsson  and  Nathorst,  of  the 
Swedish  Geological  Survey,  for  kindly  suggesting  the  following 
corrections  of  my  paper  on  *' Linnarsson's  Uecent  Discoveries  in 
Sweden,"  as  published  in  the  January  and  February  parts  of  the 
Geological  Magazine  for  the  present  year. 

Page  34,  line  35.  For  MurehUoni-hed  read  PhyllograpUf  Zone. 

Page  35,  line  28,  etc.  Retiolite*  Beds.  This  term  is  restricted  by  the  Swedish 
geologists  to  the  strata  denominated  by  myself  the  Zone  of  Cyrtograptut  Murehitoni. 

Page  36,  line  9.  For  highest  Silurian  strata  in  Scania,  read  highest  Graptolitie 
strata  in  Scania. 

Page  68,  line  6  from  bottom.    For  regarded  as  distinct  read  regarded  as  identical. 

Page  70,  line  15.  Dr.  Nathorst  was  not  responsible  for  the  original  reference  of 
Cofiocoryphe  exstilans^  Linnars.,  to  Co»o.  coronatue,  Barr.  He  merely  adopted  the 
identification  previously  made  by  Messrs.  Lundgren  and  Linnarsson  (Geof.  Foren. 
Forhand.  1876,  Band  iii.  No.  9,  p.  3,  note). 

St.  Andrews,  April  19M,  1880.  ^^^®'  I^^WORTH. 


THE  MICROSCOPIC  STRUCTURE  OF  ATELEOCYSTITES.^ 

Sir, — I  have  examined  by  vertical  and  horizontal  sections  the 

shells  of  Ateleocystites,  of  Marsupiocrinites,   and  of  the   Trilobite 

(Calymene),  all  from  the  Wenlock  Limestone,  Dudley,  which  you  sent 

me.     That  of  AteXeocystites  does  not  show  under  the  microscope  the 

normal  calcareous  network  which  is  so  fairly  constant  in  the  Echino- 

dermata;    but  the    undoubted  Echinoderm,   Marsupiocrinitea,   was 

identical  in  all  respects  with  the  former  genus.    This  I  attribute  to 

extreme  metamorphic  action.     However,  one  must  not  lose  sight  of 

the  fact  that  the  network  structure  might,  even  in  the  living  animal, 

have  been  disguised  by  its  interstices  being  filled  with  carbonate  of 

lime,  a  condition  often  found  where  there  is  friction  between  parts 

(e.g.  between  head  of  spine  and  tubercle,  etc.),  and  to  a  certain 

extent  probably  in  old  parts  {e.g.  the  basals  of  old  Pentacrinites). 

The  Trilobite  showed  the  ordinary  tubular  structure  found  in  the 

thicker-shelled  Crustacea.     It  is  evident,  from  the  above,  that  the 

apparent  absence  of  the  calcareous  network  in  Ateleocystttes  does  not 

invalidate  its  being  an  Echinoderm.  C.  Stewart. 

St.  Thomas's  Hospital,  Medical  School, 

Albert  Embankment,  London,  S.E.,  April  23r^,  1880. 

1  This  note  was  unfortunately  received  by  the  Editor  too  late  for  insertion  at 
p.  200  ante,  where  it  should  have  appeared. 


E&EATVM — In  Dr.  Callaway's  letter,  April,  1880,  p.  188,  last  line,  for  as  read  m. 
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)NTRrBDTtONB    TO     TBE     PaLXONTOLOOT     OF     THE    ToBESBIRE 

Oolites. 
ByWiLPBin  H.  Hcdlutoh,  M.A.,  F.G.S.,  V.P.G.A. 
Inlroduelion. 
i  LimeBtones  of  the  Yorkishiro  Oolites  long  ago  attraoted  the 
kttflDtion  of  collectors  from  the  remarkable  beauty  of  some  of 
isils  wbicli  are  preeerved  in  them.     We  need  haidly  go  back 
as  the  days  of  Lister  and  his  lapidt$  Jvdaici,  but  the  Scar- 
^  Catalogue,  published  in  1816,  may  arrest  onr  attention  for 
leot 

jrofesees  to  be  a  descriptive  catalogue  of  the  "minerals  and 
leouB  fossils  of  ScarborouD;li  and  its  vicinity,"  and  was  pub- 
by  subscription.  The  list  of  subscribers  is  an  interesting 
rial,  especially  valuable  to  those  acquainted  with  the  neighbour- 
presenting  as  it  does  a  permanent  record  of  those  persons  who 
lU  interest  some  sixty-five  years  ago  in  such  cnrious  products 
I  earth.  As  may  be  supposed,  there  are  many  names  in  this 
ell  known  in  East  Yorkshire,  but  amongst  the  few  strangei's 
dd  that  James  Sowerby  of  London  is  debited  with  two  copies. 
econd  part  of  the  publication  is  devoted  to  fossil  conchology, 
lere  are  two  or  three  plates  oontoming  some  very  recognizable 


--^ 
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242  TT.  H.  Sudlentan—The  Torkshtre  Oolite. 

figures,  showing  that  collections  were  by  no  means  deficient  in  good 
specimens,  the  neighbourhood  of  Malton  then,  as  subsequently, 
furnishing  a  considerable  proportion.  The  frontispiece,  intended  to 
represent  part  of  a  Olyphea,  so  common  in  the  Lower  Calcareous 
Grit  of  Appleton,  is,  perhaps,  one  of  the  quaintest  figures  in  any 
palsBontological  work  of  the  present  century,  but  in  the  other  figures 
there  is  nothing  grotesque  whatever. 

The  attention  of  Sowerby,  who  was  at  that  time  bringing  out  the 
Mineral  Gonchology,  seems  to  have  been  drawn  by  this  work  to  the 
Oolitic  fossils  of  East  Yorkshire,  as  we  find  the  Scarborough 
Catalogue  mentioned  in  vol.  ii.  p.  123,  with  reference  to  the  so-called 
Unio  LxBteri,  and  again,  in  vol.  iii.  p.  45,  where  Sowerby  describes 
Mya  ?  literaia  from  a  Yorkshire  specimen,  and  refers  to  the  figure 
in  the  Scarborough  Catalogue  (t.  ii.  fig.  1),  which  is  certainly  much 
better  than  his  own.  From  time  to  time  Sowerby  continued  to 
figure  and  describe  fossils  from  the  Yorkshire  Oolites,  which  have 
thus  contributed  a  certain  proportion  of  his  types. 

In  the  year  1822  appeared  the  first  edition  of  Young  and  Bird's 
Geology  of  the  Yorkshire  Coast,  which  was  the  second  serious 
attempt  to  describe  and  figure  a  portion  of  the  Jurassic  fossils  of  East 
Yorkshire,  but  on  a  far  more  extensive  scale  than  in  the  Scarborough 
Catalogue.  The  figures  of  these  authors  are,  perhaps,  better  than 
their  names  and  descriptions,  as  they  were  far  too  much  disposed  to 
refer  the  specimens  to  existing  genera,  and  had  little  idea  of  geo- 
logical sequence.  Their  criticisms  of  some  parts  of  Mr.  Sowerby's 
work  drew  down  the  indignation  of  his  relative,  who  observed,  Min. 
Conch,  vol.  iv.  p.  146,  that  "  the  late  Mr.  Sowerby's  veracity  and 
credit  needed  no  defence  against  the  attacks  and  false  surmises  of 
the  arrogant."  This  arose  out  of  a  squabble  about  the  identification 
of  some  Ammonites.  Previously,  viz.  at  p.  112,  Sowerby  had 
complained  that  these  authors  improperly  confounded  Plagiostoma 
rigidum  with  a  totally  distinct  species  from  Malton,  which  he  named 
P,  leevtusculumy  and  also  that  they  '* indulged  themselves  in  changing 
names,  and  several  other  liberties  too  palpably  induced  by  error  to 
merit  particular  notice." 

On  the  whole.  Young  and  Bird's  work  is  interesting  rather  than 
valuable  in  a  palceontological  sense ;  their  figures  are  recognizable 
and  even  characteristic  in  many  instances,  so  that  rather  than  give  a 
new  name,  it  would  be  preferable  to  take  one  from  them.  In  their 
second  edition  (1828),  unfortunately,  some  of  the  guesses  of  the  first 
edition  are  reversed,  and  the  same  shell  is  placed  under  another 
genus,  and  with  a  fresh  specific  name.  Additional  fossils  are  figured, 
and  the  original  figures,  in  some  cases,  by  no  means  improved. 

Such  was  the  state  of  mineral  conchology  in  East  Yorkshire — 
palaeontology  it  could  hardly  be  called — when  Phillips  appeared  on 
the  scene  in  1829,  and  applied  the  principles  of  geological  science  to 
the  fine  mass  of  material  which  was  waiting  for  some  master-hand 
to  reduce  it  to  order.  That  he  was  most  successful  none  will  deny, 
and  the  editions  of  his  Geology  of  Yorkshire  of  1829  and  1835  must 
be  deemed  a  wonderful  step  in  advance  of  anything  that  had  been 
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done  before.  Phillips,  however,  had  not  the  local  knowledge  of 
Young  and  Bird,  any  more  than  they  had  his  philosophy  and 
erudition,  but  the  most  awkward  feature  in  his  book  is  that  he  gives 
no  description  of  the  new  species  which  are  figured  in  the  plates. 
Now  the  best  plate  in  the  world  without  a  description  is  inadequate, 
and  Phillips's  figures  are  far  from  being  good.  The  somewhat  quaint 
drawings  of  the  artist,  Bird,  are,  in  some  cases,  more  recognizable. 
Owing  to  this  want  of  description  there  has  always  been  a  difficulty 
about  Phillipsian  species,  and  some  of  the  identifications,  both  at 
home  and  abroad,  have  not  always  been  successful.  Thus  the  fossils 
collected  with  so  much  assiduity  by  Williamson,  Bean,  and  othei'S, 
from  which,  for  the  most  part,  his  types  were  taken,  have  not  in  all 
instancee  had  full  justice  done  to  them. 

Meantime  the  science  of  palaaontology  began  to  make  rapid  strides, 
and  its  caltivation,  as  r^ards  the  fossil  mollusca  especially,  yielded 
abundant  fruit  in  some  of  the  monographs  of  the  PalsBontographical 
Society,  and  in  many  important  works  on  the  Continent.  Never- 
theless, during  the  period  which  elapsed  between  the  issue  of  the 
second  edition  of  the  Greology  of  the  Yorkshire  Coast  in  1835  and 
that  of  the  third  edition  in  1875  no  very  marked  additions  were 
made  by  publication  to  our  knowledge  of  the  Molluscan  fauna  of 
the  Yorkshire  Oolites,  if  we  except  a  few  plates  (with  descriptions) 
devoted  to  Yorkshire  shells  in  Morris  and  Lvcett's  well-known 
work,  and  a  certain  proportion  of  the  species  figured  and  described 
by  the  latter  author  in  his  Supplement.  There  is  also  a  paper  by 
Mr.  Leckenby  on  the  fossils  of  the  Kelloway  Rock,  published  in  the 
Quart.  Joum.  Geol.  Soc,  vol.  xv.  p.  4.  Still  the  collecting  of 
specimens  had  been  going  on  steadily  all  the  time,  and  Sir  Charles 
Strickland,  Mr.  Leckenby,  and  Mr.  Reed,  of  York,  were  pre-eminent 
in  this  respect.  Important  additions  too  had  been  made  to  our 
knowledge  of  the  geology  of  East  Yorkshire,  and  altogether  a 
considera|;)le  addition  of  fresh  matter  was  available  for  the  third 
edition  of  Phillips's  work. 

It  was,  therefore,  with  no  little  disappointment  that  the  geological 
public  saw  the  same  old  figures  reproduced  without  any  description, 
though  occasionally  under  a  new  name.^  In  many  respects,  more 
especially  as  a  volume  of  reference,  this  third  edition  is  most 
valuable,  but  as  a  palsBontological  work  it  cannot  be  deemed 
satisfactory,  considering  the  date  of  its  appearance.  Few  will  be 
disposed  to  doubt,  therefore,  that  many  of  the  fossils  of  these  beds, 
more  especially  of  the  Corallian  rocks,  which  have  been  especially 
neglected,  require  to  be  refigured,  with  an  adequate  description,  ho 
that  they  may  be  recognized  both  at  home  and  abroad.  To  do  this 
without  making  a  tolerably  complete  monograph  of  each  sectional 
division  would  be  to  neglect  a  great  opportunity.  It  is  therefore 
proposed  to  take  certain  sections,  grouped  as  a  matter  of  convenience, 
and  not  necessarily  in  biological  order  or  in  geological  sequence. 
Many  considerations  have  disposed  me  to  begin  with  a  portion,  at 

*  The  references  in  the  edition  of  1875  are  materially  improved,  and  for  tliis  we 
We  to  thank  tlie  Editor  of  thi^  almost  posthimious  work. — W.H.U. 
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least,  of  tbe  Corallian  fossils.  For  some  years  I  have  had  a  tolerable 
acquaintance  with  the  rich  stores  of  these  fossils  in  the  musenms  at 
York  and  Cambridge.  There  is  tbe  Bean  collection,  too,  at  the 
British  Museum.  I  have  myself  a  fair  collection,  but,  above  all, 
Sir  Charles  Strickland  has  been  kind  enough  to  place  at  my  disposal 
such  specimens  as  may  be  required  from  his  own  collection.  This 
last  privilege  is,  indeed,  most  valuable,  for,  to  say  nothing  of  the 
excellence  and  variety  of  many  of  his  specimens.  Sir  Charles 
has  been  careful  in  almost  every  case  to  note  the  locality,  and  no 
one  can  vie  with  him  in  the  art  of  developing  a  fossil  out  of  a 
difficult  matrix. 

Under  these  circumstances  it  has  been  determined  to  commence 
with  the  Corallian  Gasteropoda.  The  principle  upon  which  I  would 
proceed  is  never  to  make  a  new  species  if  it  can  possibly  be  avoided, 
but  to  endeavour  where  necessary  to  clear  up  doubts  regarding 
species  imperfectly  figured  and  described,  or  else  to  figure  Yorkshire 
specimens  of  species  which  have  been  described  elsewhere.  All 
specimens  whose  locality  is  doubtful  will  be  excluded,  nor  do  I  bind 
myself  in  any  way  to  produce  an  exhaustive  list,  or  to  figure  every 
si)ecies.  Still  less  do  I  undertake  to  define  what  a  "  species  "  is,  as 
this  would  raise  questions  entirely  foreign  to  the  scope  of  the  present 
article,  though  I  am  fully  aware  that  what  Professor  Marsh  *  calls 
the  third  period  in  palaeontology  has  long  since  come  to  an  end. 

To  simplify,  rather  than  to  multiply,  should  now  be  the  object  of 
the  fossil  conchologist,  but  always  with  a  due  regard  to  persistent 
variety  of  form.  In  this  way  we  shall  be  able  to  con-elate  our 
Yorkshire  beds  more  closely  with  those  of  the  rest  of  England  and 
of  neighbouring  countries,  and  thus  add  a  stone  to  the  pile  of  trust- 
worthy information,  which,  if  less  interesting  as  a  mode  of  dealing 
with  the  subject  than  the  problems  of  speculative  geology,  may  serve 
to  form  a  sure  foundation  for  legitimate  deduction  in  the  future. 

No.  1.   Corallian  Gasteropoda, 

The  details  with  regard  to  geological  position  and  localities  of  the 
species  described  are  to  be  found  in  the  "Corallian  Rocks  of  England,*' 
by  Blake  and  Hudleston,^  in  the  "Yorkshire  Oolites"  (Part  ii. 
Bections  1  and  2),^  and  in  Mr.  Fox-Strangways'  Memoir  in  Expla- 
nation of  Quarter-sheets  95  S.W.  and  95  S.E.,  just  published. 

In  Part  ii.  section  2,  of  the  Yorkshire  Oolites,  there  is  a  full  table 
of  the  Corallian  fossils  of  Yorkshire,  together  with  a  chapter  on  the 
palfeontology.  The  scheme  of  the  Corallian  series  in  Yorkshire 
may  be  gathered  from  the  accompanying  table  (pp.  246-247), 
extracted  from  the  last-mentioned  publication.  The  general  geo- 
logical features  of  the  district  are  so  well  known  from  the  writings 
of  Phillips  and  others,  that  nothing  further  need  be  said  on  this  subject 

*  Address  before  the  American  Association  for  the  Advancement  of  Science,  1879. 

*  Quart.  Joum.  Gool.  Soc.  1877,  vol.  xxxiii.  p.  317. 

'  Troc.  Geol.  Assoc.  1876,  vol.  iv.  p.  363,  and  1878,  vol.  v.  p.  407. 
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The  first  question  we  should  ask  ourselves  is,  what  are  the 
tlations  of  the  Corallian  Oasteropoda  to  the  genei^  fauna  of  the 
»rmation  ?  and  secondly,  but  more  especially,  what  are  its  relations 
I  a  group,  to  the  fauna  of  analogous  beds  above  and  below  ?  The 
rst  part  of  the  question  is  easily  disposed  of,  as  a  reference  to  the 
hie  of  fossils  will  show  the  relative  proportions  of  Gasteropods 
I  Lamellibranchs,  etc.,  whilst  it  may  also  be  noted  how  rare  the 
irmer  are  in  the  lower  beds,  and  how,  as  the  calcareous  deposits 
3gin  to  predominate,  the  Gasteropods  increase  in  numbers  both 
idividually  and  specifically.  It  is  worthy  of  remark  that  an 
3undance  of  Gasteropods  is  not  always  the  accompaniment  of  a 
>ralline  facies,  as  is  proved  by  their  extreme  rarity  in  the  Lower 
oi-al  Rag  of  Hackness. 

The  second  part  of  the  question  opens  up  an  interesting  field  for 
)eeulation  as  to  whence  the  ''species"  were  derived.  To  those 
ho  know  the  present  insulated  position  of  the  Yorkshire  Corallian 
rea  this  is  a  subject  of  considerable  difficulty.  This  insulation  is 
3th  lateral  and  vertical.  Tlie  lateral  insulation  oii  the  west  and 
Drth  is  to  a  certain  extent,  though  we  cannot  say  how  far,  due  to 
dnudation  along  the  outcrops.  On  the  south  the  insulation  must 
9  ascribed,  in  our  present  state  of  knowledge,  to  non-deposition, 
hilst  on  the  S.E.  the  formation  passes  under  higher  beds,  and  is 
len  lost  to  view,  though  there  are  some  reasons  for  thinking  that 
le  formation  gets  thinner  in  this  direction. 

In  a  vertical  direction  its  insulation  is  still  more  complete.  Thus 
hen  we  regard  the  formations  which  immediately  preceded  those 
dds  in  time  within  the  area,  we  find  a  considerable  thickness  of 
ay,  with  few  or  no  univalves.  This  clay  gradually  becomes  more 
mdy,  and  finally  passes,  in  most  instances  without  any  marked 
atrological  break,  into  the  Lower  Calcareous  Grit,  which  may  be 
^rded  as  the  foundation  of  the  Corallian  beds,  and  as  the  connecting 
nk  with  the  Oxfordian,  of  which  a  considerable  portion  of  these  beds 
1  Yorkshire  may  be  considered  as  an  exceptional  development.  A 
)ference  to  the  table  of  fossils  will  show  that  there  are  but  few 
rasteropods  in  the  Lr.  Calc.  Grit,  even  in  the  Lower  Corallian  Liiiie- 
X)nes,  which  are  included  in  the  same  column.  This  may  be  capable 
f  two  explanations,  firstly,  that  the  conditions  were  not  favourable  ; 
aoondly,  that,  having  been  driven  away  by  *'  Oxford  Clay  "  con- 
itions,  they  bad  not  had  time  to  re-occupy  the  ground.  This  latter 
iew  seems  to  me  by  far  the  most  probable,  though  it  may  well  be 
tiat  the  conditions  became  more  favourable  for  Gasteropods  as  the 
lorallian  accumulations  increased. 

Most  geologists  are  aware  that  the  so-called  Yorkshire  Oolites 
onsist  of  great  masses  of  sandy  and  argillaceous  sediment,  in  part 
stoarine,  and,  as  a  rule,  poorly  furnished  with  fossils ;  but  that  on 
iortain  horizons  there  are  rich  shell-beds  of  limited  vertical  extent, 
«rhich  give  us  passing  glimpses,  as  it  were,  of  the  fauna  of  the 
period.  Such  are  the  Dogger,  Millepore  Bed,  Scarborough  Lime- 
Jtone,  Combrash,  and  shell-bed  at  the  top  of  the  Kelloway  Kock. 
U  will  therefore  be  an  interesting  subject  for  inquiry  as  to  th^ 
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degree  of  relationship  between  the  Corallian  GkMteropoda  and  those 
of  the  fossiliferous  horizons  which  preceded  the  Corallian  beds 
within  the  area.  Tables  of  fossils  may  guide  us  to  a  certain  extent, 
but  owing  to  many  causes,  more  especially  to  the  binomial  system 
of  nomenclature,  the  mere  names  of  fossils  afford  but  little  insight 
into  their  differences  and  afi&nities. 

The  earliest  collectors  amassed  a  heap  of  curios,  and  for  a  long 
time  doubted  their  organic  origin.  The  second  stage  of  observation 
was  influenced  and  obscured  by  certain  prejudices,  but  the  third 
stage  witnessed  the  establishment  of  the  principles  of  stratigraphical 
palaeontology,  though  much  affected  by  the  prevailing  belief — that 
every  species,  ancient  and  modem,  was  a  distinct  and  separate 
creation.  This  belief  still  lingers  in  the  minds  of  some,  and  the 
unequal  value  of  specific  names  as  a  means  of  differentiation  may 
perhaps  tend  to  foster  the  idea  by  increasing  the  apparent  imper- 
fection of  the  geologic  record.  Our  object,  therefore,  in  dealing 
with  the  Corallian  Gasteropoda  should  be,  after  a  careful  description 
of  such  forms  as  seem  entitled  to  the  denomination  of  species,  to 
dwell  especially  upon  their  distribution  and  representatives  or 
relatives  in  other  districts  or  in  other  beds  in  the  same  district 
This  method  may  be  of  service  in  arriving  at  an  understanding  as  to 
the  physical  conditions  and  life  history  of  the  period,  without  in  any 
degree  conflicting  with  the  more  important  biological  work  of  other 

authors. 

{To  be  eontinued.) 

11. — The  Subdivisions  op  the  Chalk. 
By  A.  J.  Jukes-Browne,  B.A.,  F.G.S. 

[Bead  before  the  Oeolo^cal  Society  of  Norwich,  Feb.  3rd,  1880 ;  and  commanieated 
by  permission  of  the  Director-General  of  the  Geological  Survey.] 

THE  earliest  attempt  to  describe  the  component  beds  of  the 
English  Chalk  was  made  by  W.  Phillips  in  1819  :  this  is  his 
well-known  account  of  the  cliflfe  between  Dover  and  Folkestone, 
which  is  reproduced  in  Conybeare  and  Phillips'  Greology  (1822). 
He  recognizes  four  divisions  as  follows : — 

1.  The  Chalk,  with  numerous  flints. 

2.  The  Chalk,  with  few  flints. 

3.  The  Chalk,  without  flints. 

4.  The  Grey  Chalk  or  Chalk  Marl. 

Samuel  Woodward  published  his  Geology  of  Norfolk  in  1833,  and 
his  classification  is  very  similar,  viz. — 

1.  Upper  Chalk,  with  many  flints. 

2.  Medial  Chalk,  with  few  flints. 
8.  Lower  Chalk,  without  flints. 
4.  Chalk  Marl. 

The  extent  of  ground  occupied  by  each  of  these  divisions  is  indi- 
cated in  the  geological  map,  but  the  boundary-lines  are  stated  to  be 
only  approximately  correct,  and  it  is  evident  that  they  are  so.  It 
would  therefore  be  difficult  to  say  how  far  the  divisions  proposed  by 
Phillips  and  Woodward  are  respectively  identical,  but  it  is  obvious 
that  the  same  basis  of  classification  is  adopted  by  both.      The 
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arrangement  may  indeed  be  regarded  as  practically  a  division  of  the 
formation  into  three  parts,  yiz.  the  Chalk  without  flints,  including 
the  Chalk  Marl ;  the  Chalk  with  few  flints ;  and  the  Chalk  with 
many  flints. 

Phillips  was  content  with  this  terminology,  but  Woodward  went 
much  further,  and  gave  greater  distinctness  to  the  divisions  by  indi- 
cating their  extent  on  his  map,  by  recording  the  fossils  found  in 
each,  and  by  proposing  a  more  convenient  nomenclature. 

Subsequent  geologists,  however,  who  described  the  Chalk  in  the 
South  of  Englfimd,  Mantell,  Be  la  Becbe,  and  Dixon,  do  not  seem  to 
have  appreciated  the  truth  conveyed  in  Woodward's  nomenclature, 
and  only  recognized  two  divisions  above  the  Chalk  Marl,  viz.  a 
Lower  Chalk  without  flints,  and  an  Upper  Chalk  with  flints.  This 
classification,  though  apparently  more  simple,  is  not  necessarily  more 
natural,  but  being  adopted  by  the  majority  of  writers,  it  finally 
found  its  Mray  into  Manuals  of  Geology,  and  into  the  publications 
of  the  Geological  Survey. 

Between  the  Upper  and  the  Lower  Chalk,  however,  no  clear  line 
of  separation  was  recognized  until  1861,  when  Mr.  Wliitaker  de- 
ecribed  a  particular  bed  under  the  name  of  Chalk  Bock,  and  indicated 
its  occurrence  at  the  top  of  the  Lower  Chalk  in  the  counties  of 
Wilts,  Berks,  Oxford,  and  Bucks.  He  acknowledged,  moreover,  the 
occasional  presence  of  flints  in  the  Lower  Chalk,  and  proposed  to 
regard  this  rock  as  forming  a  convenient  line  of  division  between 
the  Lower  and  Upper  Chalk. 

Mr.  C.  B.  Rose  deserves  mention  as  the  only  geologist  who 
followed  in  Woodward's  steps ;  he  always  maintained  the  expediency 
of  adopting  the  arrangement  into  Lower,  Medial,  and  Upper  Chalk, 
and  pointed  out  that  in  Norfolk  certain  fossils  are  characteristic  of 
each  division.  Mr.  Gunn  also  made  a  point  of  this  in  his  Geology 
of  Norfolk  (1864). 

Until  1870,  however,  very  little  was  added  to  our  knowledge  of 
the  distribution  of  organic  remains  in  the  Chalk.  During  that  year 
Mr.  Caleb  Evans  published  a  paper  on  "  Some  Sections  of  Chalk 
between  Croydon  and  Oxtead  " ;  this  was  a  contribution  of  much 
value,  because  the  author  had  carefully  collected  the  fossils  from 
each  set  of  beds,  and  was  the  first  to  perceive  the  possibility  of  a 
zonal  classification  for  the  English  Chalk.  He  establishes  six  of 
these  subdivisions  or  zones,  and  groups  them  under  three  headings, 

yvL —  1.  The  Chalk,  with  bands  of  flint. 

2.  The  Chalk,  with  bands  of  Marl. 

3.  The  Grey  Chalk  and  Chalk  Marl. 

—thus  reviving  the  older  tripartite  arrangement,  supporting  it  by 
palffiontological  facts,  and  so  placing  it  on  a  firmer  basis. 

Dr.  Barrels'  work,  published  in  1875,  and  entitled  "  Recherches 
Bur  le  Terrain  Cretace  Superieur  de  TAngleterre  et  de  Tlrlande,"  is 
now  well  known  to  all  students  of  the  Chalk,  and  has  ali'eady  been 
brought  before  the  notice  of  this  Society.  I  need  only  observe, 
therefore,  that  Dr.  Barrels  applies  to  the  English  Chalk  the  same 
zonal  classification  which  has  been  so  carefully  worked  out  in  France 
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by  Professor  Hebert  and  himaelt  and  tliat  tliese  zonea  aiB  arranged 
under  the  three  great  aeciiona  into  whidi  lyOrbigny  bad  originally 
dirided  the  French  Chalk :  viz.  Cemomamiem,  Tmromiem,  and  SemmioL 
It  is  also  clear  that  these  divisions  are  to  some  extent  oorrelative 
with  the  Lower,  Middle,  and  Upper  Chalk  of  Woodward  and  Boae. 

The  result,  therefore,  of  the  more  careful  and  detailed  obeervatloDB 
that  have  recently  been  made  is  to  set  aside  the  old  diviaions  depend- 
ing on  the  proportions  of  flint  nodules  in  the  Chalk,  and  to  introdnoe 
the  new  element  of  the  zonal  distribution  of  life.  It  oonaequently 
becomes  necessary  to  re-consider  the  questions  of  primary  aubdiTiaioii 
and  nomenclature ;  the  latter  is  involved  in  the  former,  and  befoie 
that  can  be  determined,  we  must  ascertain  where  the  greater  palnon- 
tological  breaks  in  the  series  occur,  whether  they  coinode  with  any 
beds  of  marked  b'thologioal  diaiacter,  and  wheUier  the  natual 
division  of  the  whole  formation  thua  soggeated  is  into  two,  or  three 
parts. 

As  the  survey  of  the  Cambridgeshire  Chalk  by  Mr.  Penning  and 
myself  has  thrown  some  light  on  the  points  above  mentioned,  I 
propose  to  give  a  short  account  of  the  zonal  divisions  which  we 
have  established  in  that  county ;  for  a  full  description  of  these  beds 
and  their  fossil  contents  I  must  refer  to  the  Memoir  on  the  neigh- 
bourhood of  Cambridge,  which  will  shortly  be  published. 

During  the  progress  of  this  survey  in  1875-77  we  recognized  the 
representatives  of  the  two  hard  bands  which  had  been  described  by 
Mr.  Whitaker  in  more  southern  counties  under  the  name  of  Chalk 
Kock  and  Tottemhoe  Stone ;  we  furthermore  discovered  the  existence 
of  a  third  intermediate  band  of  rock,  to  which  we  gave  the  name  of 
the  Melboum  Hock ;  and  which  proved  to  be  of  great  stratigraphical 
importance.  These  three  beds  we  succeeded  in  tracing  across 
Cambridgeshire  for  a  distance  of  about  twenty -five  miles,  and  have 
laid  down  lines  on  the  Ordnance  Map  which  give  a  sufficiently 
accurate  indication  of  the  course  taken  by  each  outcrop.  The  result 
of  tliis  is  to  divide  the  Chalk  into  four  stages,  which  are  as  clearly 
defined  as  if  they  were  subdivisions  founded  on  di£ference  of  litho- 
logical  character,  like  those  of  the  Lower  Greensand  in  the  Wealden 
area. 

Between  these  boundary-lines  certain  palfeontological  zones  are 
recognizable,  and  the  distribution  of  the  fossil  remains  in  these 
confirms  the  stratigraphical  evidence  as  to  the  relative  importance  of 
the  rock  beds  for  the  purposes  of  classification.  The  following  is  a 
brief  account  of  these  zonal  divisions  in  Cambridgeshire  (see  Table 
on  p.  267) : — 

1.  Cambridge  Greensand, — This  is  the  homotaxial  equivalent  of 
what  has  elsewhere  been  called  the  Chi  critic  Marl,  and  should 
without  doubt  be  regarded  as  the  basement  bed  of  the  Chalk  Marl.^ 
This  thin  noduliferous  layer  has  been  so  often  described  that  it  is 
hardly  needful  to  give  much  description  of  it  here ;  I  will  only 
remind  you  of  the  following  facts,—- that  the  nodules  are  enclosed  in 

^  See  Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  p.  272 ;  and  Geol.  Mao.  Decade  II. 
Vol.  IV.  p.  360. 
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a  matrix  of  glauoonitio  marl,  whiob  passes  up  into  grey  marly  chalk, 
that  four- fifths  of  the  fossils  found  in  it  have  been  derived  from  the 
6ault>  and  that  the  fauna  of  the  bed  itself  certainly  belongs  to  that 
of  the  Chalk  Marl. 

2.  Chalk  Marl  or  Zone  of  Rhynchonella  Martini, — ^This  consists  of 
hard  greyish  marl  below,  passing  up  into  softer  and  more  argillaceous 
bluish-grey  marl ;  the  whole  being  about  60  feet  thick.  It  is  not 
very  fossiliferous,  and  only  20  species  have  yet  been  collected  from 
it ;  14  of  these  occur  also  in  the  Oreensand  at  its  base,  but  Ammoniies 
varians  and  some  other  species  appear  for  the  first  time  in  its  upper 
beds.  It  is  a  remarkable  fact  that  Bkynckonella  Martini  has  never 
yet  been  detected  in  the  Cambridge  Greensand,  where  its  place  is 
taken  by  a  variety  of  the  allied  species,  Bh.  lineolata  ;  this  latter 
does  not  seem  to  occur  in  the  overlying  marl,  and  is  only  known 
elsewhere  in  the  Neocomian  Clay  of  Speeton,  and  the  Red  Rock  of 
Hunstanton.  Another  little  Brachiopod,  found  abundantly  in  the 
Greensand  and  also  in  the  Chalk  Marl,  is  a  minute  variety  of 
Terebratidina  striata,  recently  named  T.  triangularis  by  Mr.  Etheridge. 
This  has  hitherto  been  considered  a  variety  of  T,  gracilis,  and  is  in 
some  respects  an  intermediate  form  between  the  two  species.  I 
helieve  the  same  variety  occurs  also  in  the  Hunstanton  rock. 

3.  Tottemhoe  Stone. — At  the  base  of  this  division  there  appears  to 
be  a  more  or  less  continuous  layer  of  green-coated  calcareo-phosphatic 
nodules,  which  were  first  described  by  Prof.  Hailstone  in  1816.^ 
The  stone  above  is  a  compact  grey  sandy  limestone,  in  beds  about 
2  or  3  feet  thick,  and  having  a  total  thickness  of  from  12  to  15  feet. 
The  best  exposure  to  be  found  in  Cambridgeshire  is  at  Burwell, 
where  it  is  largely  quarried  for  building  stone,  and  where  it  has 
yielded  a  large  number  of  fossils.  There  is  a  good  collection  of 
Burwell  stone  fossils  in  the  Woodwardian,  and  the  fauna  now 
known  is  a  large  one,  numbering  from  80  to  90  species. 

Mr.  Etheridge  has  described  several  new  forms,  and  two  of  these, 
Lima  echinata  and  Pecten  fissicosta  are  very  characteristic  of  the 
horizon ;  many  other  fossils  are  much  more  common,  such  as 
Bhynchonella  Mantelliana,  Kingena  lima,  Pecten  opercidaris  and 
Lima  globosa,  but  these  occur  also  in  the  beds  above  and  below. 
Cephalopoda  and  Gasteropoda  are  here  particularly  abundant. 
Ammonites  varians  and  Am,  cenomanensis  may  be  specially  mentioned 
as  frequently  met  with.  Holaster  suhglohosns  has  not  yet  been 
found  at  Burwell,  where  Hemiaster  Morriai,  appears  to  take  its  place, 
but  the  former  has  been  found  in  the  basement  bed  elsewhere. 

4.  Zone  of  Holaster  subglohosus. — At  Burwell  the  upper  limit  of 
the  Tottemhoe  Stone  is  marked  by  a  bed  of  hard  sandy  rock,  known 
locally  by  the  name  of  "  bond,"  but  elsewhere  the  line  of  division  is 
not  so  clear ;  the  chalk,  however,  quickly  becomes  less  sandy,  and  of 
a  yellowish  or  creamy-white  colour,  passing  up  into  a  tough  but 
nearly  pure  white  chalk.  In  this  division  the  planes  of  bedding  are 
very  indistinct,  and  the  mass  splits  along  curved  lines,  which 
produce  an  appearance  of  irregular  and  lenticular  bedding.     Fossils 

^  Trans.  Geol.  Soc.  rol.  iii.  p.  243. 
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are  most  abundant  in  its  lower  portion,  which  is  everywhere 
characterized  by  the  ft^quent  oocnrrence  of  Molaster  subglobosus. 
JSolaster  treeensis,  Discoidea  eylindrica,  and  Ammonites  rhothomagensis 
may  also  be  mentioned  as  occurring  in  this  zone,  but  most  of 
the  other  fossils  range  up  from  the  beds  below.  Bdemnites  plenw 
only  occurs  in  the  topmost  bed. 

So  far  we  have  found  a  continuous  succession  without  any  marked 
break  either  in  the  series  of  beds  or  of  organic  remains.  All  the 
fossils  of  the  Chalk  Marl  range  into  the  Tottemhoe  Stone,  and  the 
number  of  forms  that  are  confined  to  the  latter  will  probably  be 
largely  diminished  by  future  explorations  in  the  overlying  zone, 
with  which  it  is  already  known  to  have  many  species  in  common. 
The  three  subdivisions  may,  in  fact,  be  regarded  as  forming  a  group 
of  beds  characterized  by  a  fauna  of  one  general  type,  and  they 
are  the  exact  equivalents  of  the  ChcQk  Marl  and  Grey  Chalk  at 
Folkestone,  as  defined  by  Mr.  F.  G.  H.  Price.' 

Dr.  Barrois  has  proposed  a  similar  arrangement  for  this  portion 
of  the  series  in  the  South  of  England ;  he  considers  it  as  forming  the 
**  Assise  du  Holaster  Bubglobosus*^  which  he  subdivides  into  four 
niveaux  or  subsidiary  zones ;  the  first  is  that  usually  called  Chalk 
Marl,  the  second  (niveau  de  Am,  varians)  corresponds  roughly  with 
our  Tottei-nhoe  Stone,*  the  third  is  certainly  co-ordinate  with  the 
greater  part  of  our  Holaster  suhglohosus  zone,  the  upper  portion 
of  which  may  represent  Barrois'  fourth  zone,  that  of  Belemnites 
plenus. 

This  last  zone  has  a  greater  development  in  France,  and  Dr. 
Barrois  suggests  that  it  has  suffered  considerable  erosion  in  England, 
and  observes  that  the  basement  bed  of  the  Turonien  frequently 
contains  rolled  fragments  of  Belemnite.  In  this  he  anticipates  the 
conclusion  to  which  I  have  been  led  by  a  study  of  the  Cambridge 
section,  for  I  have  little  doubt  that  at  this  point  in  the  series  there  is 
a  distinct  stratigraphical  and  palaeontologioal  break,  as  will  appear 
in  the  sequel,  and  is  more  fully  discussed  in  the  Geological  Survey 
Memoir. 

5.  Melhourn  Rock, — This  rocky  belt,  or  niveau  as  a  French  geologist 
would  call  it,  is  never  more  than  ten  feet  thick,  but  it  presents  such 
marked  and  constant  lithological  characters  as  to  deserve  a  distinct  local 
denomination.  Excellent  sections  of  it  being  exposed  in  two  quarries 
near  Melboum,  between  Cambridge  and  Koyston,  it  has  been 
named  after  that  village.  It  consists  of  several  thin  courses  of  hard 
yellowish  rocky  chalk,  separated  by  layers  of  greyish  laminated  marl 
or  shale,  generally  containing  numerous  nodules  or  pebbles  of  hard 
chalk,  to  which  small  Oysters  are  frequently  attached. 

Besides  this  oyster,  which  is  a  variety  of  Ostrea  vesicularis,  crushed 
BhynchonelloB  and  rolled  Belemnites  also  occur,  together  with  Inocer- 
amtts  lahiatus  and  Fish  teeth,  Zamna,  Otodus,  Saurocephalus,  etc.     A 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  p.  445. 

'  While  bearing  testimony  to  the  great  ?alui9  and  general  accuracy  of  Dr  Barrois' 
work,  I  am  constrained  to  point  out  that  ho  never  correctly  identified  the  position 
of  the  Tottemhoe  Stone,  having  first  placed  it  tuo  high,  and  afterwards  too  low 
in  the  series. 
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lall  round  quartz  pebble  was  also  found  in  this  stratum  at  the 
lelford  pits,  near  Cambridge. 

Dr.  Barrois  observed  the  occurrence  of  a  yellow  marly  band  at  the 
p  of  the  Cherry  Hinton  quarry,  and  calls  it  the  zone  of  Belemnites 
ma  in  a  remanie  state.'  I  afterwards  found  that  this  was  the 
isement  bed  of  the  rock  so  well  exposed  at  Shelford  and  Melbourn, 
id  that  the  overlying  beds  noted  by  Barrois,  and  referred  to  his 
ne  of  Inoceramtu  labtatusy  were  really  part  of  the  same  rocky  band, 
hioh  I  now  regard  as  forming  the  base  of  the  Turonien  or  Middle 
aalk  of  Cambridgeshire. 

It  cannot  be  regarded  as  in  any  sense  a  palseontolagical  zone,  but 
ther  as  a  line  of  demarcation  between  two  distinct  groups  of  strata, 
id  separating  two  different  fossil  assemblages  ;  nearly  all  the 
•ecies  found  in  the  Lower  Chalk  have  now  disappeared,  and  only 
ro  or  three  cosmopolitan  forms  survived  to  reappear  in  the  beds 
»ove,  which  contain  an  entirely  new  assemblage  of  Brachiopods  and 
3hinoderms. 

6.  Zone  of  Bhynchonella  Cuvteri. — The  Chalk  of  this  zone  is  not 
ten  quarried,  but  the  exposures  that  do  occur  show  it  to  be  very 
enly  bedded,  white,  and  rather  hard ;  its  thickness,  including  the 
elboum  Bock  at  the  base,  is  about  70  feet.  Scattered  flints  are 
casionally  found  in  the  upper  part  of  the  zone.  Its  characteristic 
Bsils  are  Inoee ramus  mytiloides  (=  labiatus)  and  Bhynchonella 
wieri;  Echinoderms  are  rare,  but  Galerites  globulus,  Cidaris 
rudo,  and  C.  dissimilis  have  been  found. 

7.  Zone  of  TerebratuUna  gracilis, — At  the  base  of  this  division 
ere  are  some  layers  of  grey  marl  containing  small  Brachiopods, 
d  some  beds  of  hard  compact  chalk.  Flints  occur  at  certain 
rizons,  but  most  of  them  are  remarkably  elongated  and  root-like, 
d  are  very  different  from  the  nodular  flints  of  the  Upper  Chalk. 
irebratulina  gracilis  is  everywhere  abundant,  as  is  also  Galerites 
hrotunduSy  and  Discoidea  Dixoni  is  occasionally  found;  most  of 
e  fossils  in  the  zone  below  range  up  into  this ;  its  full  thickness 
nnot  be  far  short  of  100  feet,  but  its  upper  limit  has  not  been 
:ed  with  any  certainty  in  Cambridgeshire. 

8.  Zone  of  Holaster  planus, — The  chalk  of  this  zone  is  soft  and 
bite,  and  contains  regular  layers  of  black  flints,  some  long  and 
rrow,  others  large  and  nodular.  Its  thickness  is  probably  50  or 
I  feet,  and  its  fauna  is  quite  different  from  that  of  the  zone  below  ; 
blaster  planus  makes  its  appearance,  together  with  a  species  of 
icrasier  (?  breviporus)  and  other  forms  that  become  common  in  the 
pper  Chalk,  such  as  Cidaris  sceptrifera,  Cyphosoma  radiata  and 
yondylus  spinosus.  Ventriculites  too  are  especially  abundant  in  this 
ae,  and  serve  to  distinguish  it  from  the  zone  below. 

9.  Chalk  Bock, — This  is  really  the  topmost  bed  of  the  zone  above 
scribed, — the  same  Holaster  and  Micraster  are  found  in  it, 
jether  with  many  other  fossils  which  appear  to  have  a  similar 
ige,  such  as  Ammonites  Prosperianus,  It  is  specially  characterized 
the  occurrence  of  univalves,  Turbo  gemmatits  being  the  commonest. 

^  Becherches  sur  Terr.  Cret.  Sup.  p.  165. 
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Yentriculites  are  also  abundant;  and  there  is  a  new  species  of 
Bhynchonella  {B.  reedensis),  which  may  be  regarded  as  intermediate 
between  Bh.  Cuvieri  and  Bh.  pltcatilis. 

The  rock  consists  of  hard  yellowish  semi-crystalline  ohalk  or 
rather  limestone,  and  there  are  sometimes  two  distinct  beds  separated 
by  a  band  of  soft  pulverulent  chalk.  Its  upper  surface  is  clearly 
defined  and  occasionally  presents  the  appearance  of  having  suffered 
erosion.  As  it  is  traced  northward,  however,  it  appears  to  lose  some 
of  these  distinctive  characters,  and  to  be  represented  by  one  or  more 
layers  of  hard  yellowish  chalk,  containing  only  a  few  of  the 
characteristic  fossils:  it  oocui-s  with  this  facies  in  certain  quarries 
along  the  high  ground  between  Balsham  and  Newmarket 

10. — Zoiie  of  Micraster  cor-hovis,  —Above  the  Chalk  Rock  there  is 
soft  white  chalk  with  many  layers  of  flints.  In  this  Micrasters  are 
particularly  abundant,  and  some  of  those  found  at  Balsham  are 
considered  by  Dr.  Wright  to  belong  to  Jf.  car^boviSf  Forbes,  but  they 
are  associated  with  others  which  greatly  resemble  the  form  known 
as  cor-testudinariumy  and  this  is  undoubtedly  the  zone  in  which 
Dr.  Barrois  finds  the  latter  to  be  generally  abundant. 

The  other  fossils  common  here  are  Ananchytes  ovata,  Odarrts 
sceptrifera,  Spondyltis  spinosus,  Bhynchonella  pUeaUlis,  and  Terebratula 
semiglobosa,  var.  bulla  of  Sowerby.  Many  of  the  last-mentioned  are 
exceedingly  like  T,  camea  of  the  Norwich  Chalk,  and  they  may  be 
regarded  as  intermediate  between  T.  semiglobosa  and  T.  earnea, 
which  is  an  interesting  fact  when  their  intermediate  position  in  the 
geological  series  is  also  taken  into  account. 

Beyond  this  zone  our  observations  did  not  extend,  and  the 
remainder  of  the  Upper  Chalk  in  its  extension  through  Essex  is 
much  obscured  by  the  superjacent  glacial  deposits,  but  the  succes- 
sion of  zones  could  probably  be  made  out  by  working  along  some  of 
the  valleys. 

The  following  is  a  summary  of  the  principal  facts  concerning  the 
Cambridgeshire  Chalk. 

1.  That  the  zones  of  life  are  similar  to  those  established  else- 
where, and  have  been  actually  traced  over  a  considerable  area. 

2.  That  there  are  two  breaks  of  more  or  less  importance,  marked 
by  the  occurrence  of  the  hard  rocky  beds  which  are  termed  the 
Melboum  Kock  and  the  Chalk  Rock. 

3.  That  a  middle  division  of  the  Chalk  is  thus  marked  off,  and 
that  its  establishment  is  confirmed  by  the  palaeontological  evidence. 

Many  facts  in  support  of  the  last  conclusion  are  given  in  the 
memoir  before  referred  to,  and  though  complete  data  for  a  com- 
parison of  the  three  faunas  do  not  yet  exist,  yet  it  is  quite  possible 
to  form  an  approximate  estimate.  In  making  such  calculations  it  is 
best  to  consider  the  Invertebrata  only ;  of  tnese  about  80  species 
have  been  obtained  from  the  Lower  Chalk  near  Cambridge,  and  no 
less  than  70  of  them  appear  to  have  died  out  before  or  during  the 
deposition  of  the  Melboum  Rock,  only  10  of  them  having  yet  been 
found  in  the  Middle  Chalk.  Further  explorations  may  result  in  the 
diticovery  of  a  few  more  lingerers  in  the  higher  beds,  but  this  will 
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not  alter  the  inferenoe  which  the  numhers  olearly  indicate,  viz.  that 
a  very  important  hreak  occurs  in  the  saocession  of  life  at  this  time. 
Moreover,  similar  calculations  hased  on  the  lists  of  fossils  found  in 
other  areas  by  Caleb  Evans,  Dr.  Barrois  and  F.  G.  H.  Price,  strongly 
confirm  this  conclusion,  for  in  no  case  are  more  than  three  of  the 
recorded  species  common  to  the  two  assemblages. 

The  great  difference  between  the  two  faunas  is  well  illustrated  by 
the  amount  of  specific  and  even  generic  change  exhibited  in  certain 
classes  of  animals,  such  as  the  Echinodermata ;  thus  out  of  20 
species  recorded  by  these  authors  as  occurring  in  the  Lower  Chalk, 
only  Oaniasier  moaaicua  and  two  species  of  Cidaris  range  up  into  the 
Middle  Division,  whence  about  an  equal  number  of  species  have 
been  obtained.  The  genera  PeUastea,  Paeudodiadema,  Echinocyphua 
and  JTemiaster  do  not  appear  in  the  newer  fauna,  while  Cyphosoma^ 
Oalerites  and  Mlcraater  are  absent  from  the  older. 

The  Ammonites  again  are  represented  by  different  species  in  these 
two  divisions  of  the  Chalk,  only  one  (Am,  Lewesienais)  being  yet 
known  as  ooourring  above  and  below  the  thin  band  of  marl  which 
separates  the  Turonien  from  the  Cenomanien  in  the  South  of 
England. 

It  is  clear,  therefore,  that  a  distinct  palsBontological  break  occurs 
at  the  horizon  above  indicated,  and  that  a  large  number  of  species 
became  extinct  or  migrated  to  other  areas.  Now  such  a  result  may 
be  produced  either  by  a  sudden  change  in  the  conditions  of  existence, 
or  by  a  gradual  change  effected  during  a  period  of  time  that  was 
unfavourable  to  deposition.  As  far  as  we  can  tell,  the  conditions  of 
existence  do  not  seem  to  have  changed  very  greatly  or  very  suddenly, 
for  the  beds  of  chalk  above  and  below  this  horizon  are  not  very  dis- 
similar in  lithological  character,  and  the  differences  are  hardly 
sufficient  to  have  caused  much  alteration  in  the  forms  of  life :  they 
are  not  in  fact  so  great  as  the  differences  presented  by  the  lower  and 
upper  portions  of  the  inferior  division  itself.  We  cannot  but  con- 
clude, therefore,  that  the  break  between  the  two  formations  marks 
the  lapse  of  a  considerable  period  of  time. 

It  only  remains  for  me  to  indicate  how  far  these  divisions  are 
likely  to  be  similarly  developed  in  Norfolk;  in  limine  1  should 
observe  that  in  proceeding  from  Cambridge  to  Norfolk  it  is  probable 
that  we  pass  from  one  area  of  deposition  to  another ;  at  any  rate,  the 
conditions  which  prevailed  in  the  latter  during  the  earlier  stages  of 
the  formation  were  very  different  from  those  which  obtained  in  the 
London  Basin.  Until  therefore  we  know  more  of  the  manner  in 
which  one  facies  of  the  Lower  Chalk  passes  into  the  other,  no 
attempted  correlation  can  be  more  than  suggestive,  and  I  only  offer 
the  following  remarks  as  a  kind  of  commentary  on  the  record  of  facts 
and  fossils  given  by  Dr.  Barrois  {op,  cit  p.  156,  et  aeq.). 

In  the  Hunstanton  section  it  is  clear  that  the  zones  of  the  great 
aaaiae  a  Molaater  aubgloboaua  have  very  diminutive  representatives, 
and  I  doubt  whether  the  term  Chalk  Marl  is  applicable  to  any  of 
them.  There  is  some  probability  in  Dr.  Barrois'  suggestion  that 
the  *'  Sponge  bed  "  is  the  analogue  of  the  so-called  Chloritic  Marl, 
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because  it  clearly  forms  the  basement  bed  of  the  Lower  Chalk. 
Between  this,  however,  and  the  overlying  bed  of  grey  sandy  stone 
tliere  is  a  clear  line  of  separation,  and  the  latter  is  perhaps  more 
likely  to  be  the  attenuated  representative  of  the  Tottemhoe  Stone, 
than  of  the  Chalk  Marl,  llie  occurrence  of  AmmtmiieB  rhothamcigefmt, 
Pecten  Beaveri,  Diwoidea  cylindrica,  and  Epiaster  crassitimua  is  at 
any  rate  suggestive  of  a  higher  horizon  than  that  which  is  generally 
characterized  by  Plocoscyphia  masandrifia,  with  which  they  are  hers 
associated. 

The  succeeding  beds,  E.,  F.,  G.,  of  Barrois,  are  doubtless  homotaxial 
with  the  zone  of  Sblasier  suhglobostu  when  used  in  its  more  limited 
sense,  and  as  I  have  already  defined  it 

The  remaining  12  or  15  feet  at  the  top  of  the  cliff  at  Hunstanton 
are  referred  by  Barrois  to  his  zone  d  Bdenmites  plenus.  This,  how- 
ever, is  a  somewhat  ambiguous  term,  because  he  uses  it  also  for 
the  marly  layer  at  Cherry  Hinton,  which  is  really  the  base  of  the 
Melboum  Rock,  and  above  the  true  zone  of  Bel.  plenus.  It  was 
with  the  latter,  which  has  a  greater  development  in  the  north  of 
France,  that  Barrois  probably  intended  to  compare  this  portion  of  the 
Norfolk  Chalk. 

The  Hunstanton  section  is  therefore  cut  off  at  a  very  interesting 
point,  just  before  the  top  of  the  Lower  Chalk  is  reached.  Dr. 
Barrois,  however,  indicates  the  outcrop  of  the  overlying  zone  at 
Sherborne  in  these  words — "To  the  north  of  the  village,  in  the 
higher  part  of  the  quarries,  I  recognized  the  hard  nodular  bed  which 
occurs  throughout  England  towards  the  base  of  the  zone  of  Inocer* 
amu8  lahtatuB,"  Can  this  be  the  Melboum  Bock  ?  is  the  comment 
immediately  suggested  by  this  description^  The  nodular  chalk  to 
which  BaiTois  refers  as  occurring  throughout  (the  south  of)  England 
is  probably  rather  above  the  base  of  the  zone,  but  it  would  be  very 
interesting  to  determine  whether  the  Sherborne  bed  may  not  be  the 
actual  representative  of  the  Melboum  Rock,  because  it  would  then 
supply  the  desideratum  of  a  base-line  for  the  middle  division  of  the 
Chalk  in  Norfolk. 

It  is  very  probable  that  the  hard  chalk  of  Sherborne  with 
InoceramuB  lahiatus  and  Rhynchonella  Cuvieri  formed  part  of  Wood- 
ward's **  Lower  or  Hard  Chalk,"  and  that  his  Medial  Chalk  was 
merely  intended  to  signify  that  portion  which  contains  a  few  flints, 
and  is  intermediate  between  that  without  any  and  that  with  many 
flints.  The  localities  given  by  Woodward  appear  to  be  chiefly  along 
a  line  which  would  correspond  with  the  outcrop  of  Barrois*  zone  of 
Holaster  planus  ;  a  zone  which  seems  to  have  a  considerable  tliick- 
ness  in  Norfolk,  and  to  contain  grey  instead  of  black  flints.  Now, 
however,  it  has  become  necessary  that  the  Medial  Chalk  should 
receive  a  more  strict  definition,  and  it  seems  desirable  to  extend  the 
application  of  the  term  rather  beyond  its  original  scope,  so  as  to 
bring  the  Norfolk  divisions  into  correspondence  with  those  now 
proposed  for  the  rest  of  England. 

I  would  therefore  suggest  that  Norfolk  geologists  should  take 
every  opportunity  of  searching  for  the  representatives  of  the  two 
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Tock-beda  wbioh  are  bo  conspicuous  in  Cambridgeshire.  I  have 
already  indicated  where  the  Melbonm  Hock  may  possibly  be  found ; 
bufc  whether  the  Chalk  Rock  is  continued  northward,  with  the  same 
characters  that  it  exhibits  near  Royston  and  Saffron  Walden,  is 
perhaps  more  doubtful.  Still  it  b  quite  possible  that  certain 
yellowish  nodular  layers  will  be  found  at  the  top  of  the  JSblaster 
plantis  zone,  as  is  the  case  near  Newmarket,  and  tbat  these  may  be 
taken  as  the  line  of  division  between  the  Middle  and  Upper  Chalk. 
Tliere  is,  indeed,  every  reason  to  expect  that  the  higher  zones  of  the 
formation  will  eventually  be  satisfactorily  correlated  throughout 
England,  France,  and  Belgium,  since  the  conditions  under  which 
they  were  deposited  were  certainly  more  uniform  than  those  which 
prevailed  during  the  earlier  part  of  the  Cretaceous  period. 

In  conclusion  J  would  remind  you  that  the  credit  of  first  proposing 
the  tripartite  division  of  the  Chalk  belongs  to  the  Norfolk 
geologist — Samuel  Woodward.  He  marked  out  the  broad  outlines 
of  what  I  have  little  hesitation  in  calling  the  true  and  natural 
classification^  and  drew  up  separate  lists  of  the  fossils  found 
in  each  division.  It  is  astonishing  that  English  geologists  should 
not  have  pursued  the  study  of  the  formation  on  the  lines  suggested 
by  these  early  writers,  especially  as  a  similar  system  was  being 
adopted  and  developed  in  France  ;  so  that  it  has  actually  remained 
for  French  geologists  to  demonstrate  the  applicability  of  this  system 
to  the  Chalk  of  our  own  country.  Much  however  still  remains  to  be 
done  in  completing  our  knowledge  of  faunas  of  the  different  zones, 
and  every  one  who  makes  a  collection  of  fossils  from  any  part  of  the 
Chalk,  and  is  careful  to  record  the  exact  zone  and  quarry  where  each 
specimen  was  obtained,  will  be  rendering  valuable  assistance. 

Classification  op  the  Chalk. 


8.  Woodwfird, 
1S33.    Noifolk. 


pper  Chalk. 


[edial  Chalk 
ith  few  flints. 


r 


W.  WhIUker,  1865. 
Bedford  and  Bucks. 


White  Chalk  with  flints. 

Chalk  Rock. 

White  chalk  with  thin 
layers  of  jjroy  marl,  and 
a  few  flints  in  upper 
part. 


Hard  hedded  chalk  with 
thin  marly  layers, 
^wer  Chalk   I    Bloekychalk  with  curved 


nialk  Marl. 
Ked  Chalk. 


I 


and  irregular  hedding. 
Tottcmhoe  Stone. 
Tottemhoe  Marl. 
Chloritic  Marl  ?. 


Caleb  Evans,  1870-77. 
Kent  and  Surrey. 


Eiddlesdown  Beds. 


fKenley  Beds. 
Whiteleaf  Beds  | 
Upper  Marden    \ 
.   lark  Beds.        ! 


IjOwct  Marden 
Park  Beds. 

Oxstead  Beds. 


Jnkes>Browne,  1880. 
Cambridgesbire. 


Zone  of  Micraster 

eoT'hovis. 
Chalk  Rock. 
Zone    of    Holaster  '\ 

planus. 
Zone  of  TcrebratU' 

Una  gracilis. 
Zone  of  RhpnehO' 

mlla  Curieri, 
Melhoum  Rock. 
Zone    of    Holaster 

subglobosun. 
Tottemhoe  Stone. 
Zone  of  Rhyneho' 

nella   Martini  = 
Chalk  Marl. 
Camhridge  Green- 
sand. 


9 
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III. — A  Contribution  to  the  Study  of  thb  British  Oabbonitsbous 

Tubicolar  Annelida. 

By  R.  Ethekidob,  Jun.,  F.G.S.,  F.E.P.S.Edin. 

(PLATE  VII.) 
{Continued from  p,  222.) 

fl'^HE  following  appear  to  be  well-marked  varieties  of  Microconelius 
JL     ptisillns. 

la, — Spirorhta  (Micro.)  puaiUuSf  Martin,  var.  simplex,  Tar,  nov. 
(Plate  VII.  Fig.  8.) 

Var,  char. — ^The  coil  of  the  tube  is  open,  lax,  and  imperfect,  repre- 
senting only  a  portion  of  the  more  developed  coil ;  surface  strisd 
very  fine. 

Ohs, — This  variety  bears  a  very  close  resemblance  to  a  small 
Spirvla,  In  all  probability  it  represents  the  youngest  stage  of  Sp. 
pusillus,  and  it  is  just  possible  that  it  may  be  identical  with  Golden- 
berg's  Sp.  hamaius  {Gyromices  hamatus),^  of  the  Saarbruck  Coal-field, 
in  which  case,  of  course,  his  name  would  be  adopted  in  preference  to 
that  now  proposed. 

Zoc.  and  horizon. — Straiten  Oil  Shale  Works,  near  Burdiebouse,  in 
shale  connected  with  the  Burdiebouse  Limestone.  Cement-stone 
group,  of  the  Calciferous  Sandstone  Series  {Mr.  J.  Bennie). 

16. — Sp.  (Micro.)  puaillus,  Martin,  var.  Hibberti,  Etheridge,  jun. 

Nautilusy  Ilibbert,  Trans.  R.  Soc.  Edin.  1836,  riii.  p.  161. 

,,        Khind,  Excursions  around  Edinb.  1836,  p.  35,  f.  14e. 
Sp.  carbotiariWf  Murch.,  Tar.  Mibberti^  Eth.  jun..  Quart.  Joum.  Geol.  Soc.  1878, 

xxxiy.  pt.  1,  p.  3  (note),  t  1,  f.  2. 

Var.  char, — Size  exceeding  that  of  normal  examples  of  the  species 
itself,  the  last  turn  of  the  tube  increasing  more  rapidly;  aperture 
with  a  sigraoidal  or  nautiliform  margin  reflected  somewhat  back  over 
the  umbilicus,  which  is  deep.  By  following  the  direction  of  the 
surface-striss,  the  sigmoidal  margin  can  be  traced. 

Ohs. — Dr.  Hibbert  figured  in  his  paper,  **  On  the  Freshwater 
Limestone  of  Burdiebouse,  etc.,"  published  in  1836,  a  little  shell-like 
body  which  he  compared  to  a  Nautilus,  but  noticed  its  want  of  sept& 
I  have  observed  a  similar  in  several  shales  at  about  the  horizon  of 
the  Burdiebouse  beds  associated  with  Microconchus  pusiUus,  but 
always  to  be  distinguished  from  it  by  its  larger  size  and  regularly 
sigmoidal  aperture.  They  may  be  only  large  crushed  examples  of 
the  typical  form  of  the  species,  although  I  hardly  think  this ;  at  any 
rate  they  are  far  too  common  to  be  passed  over  in  silence.  I  there- 
fore proposed  for  them  some  time  ago  the  varietal  name  Hibberti. 

Loc.  and  Horizon. — Similar  to  the  last  (Mr.  J.  Bennie), 

Section,  Spirorbis,  Lamarck. 
2. — Spirorbis  ambiguuSy  Fleming.     (Plate  VIL  Figs.  9-11.) 

S,  ambiffuusy  Fleming,  Edinb.  Phil.  Joum.  1825,  xii.  p.  246,  t.  9,  f.  3. 
„  Bronn,  Index  Pal.  Nomcn.  1848,  p.  1186. 

„  Etheridge,  jun.,  Geol.  Mao.  1877,  IV.  p.  318. 

Sp.  char, — Tube  globose,  dextral,  whorls  one,  to  one  and  a  half, 
^  Fauna  Sarsepontana  Eow.  1^77,  heft  2^  p.  7|  t.  2,  f.  34,  a  and  b. 
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bnt  concealed  by  the  last  volution,  attached  by  one  side,  and  ex- 
panding towards  the  aperture;  umbilicus  open  and  unconcealed; 
back  broad ;  surface  plain  or  very  finely  wrinkled  across ;  aperture 
round,  and  somewhat  produced  ;   gregarious  in  habit. 

06«. — 8.  ambtguus  was  described  by  the  Bev.  Dr.  Fleming  in  his 
paper  on  the  British  Testaceous  Annelides,  and  appears  to  have  been 
almost  entirely  overlooked  by  subsequent  writers.  It  was  placed  by 
Dr.  Fleming  in  the  second  division  of  his  arrangement  of  the  species 
in  the  genus  Spirorhis,  or  in  those  with  the  "shell  destitute  of 
longitudinal  ridges."  This  species  is  decidedly  gregarious,  living 
in  small  clusters  together,  and  is  almost  always  found  on  the  shells 
of  Idollusca.  The  surface  is  plain,  with  the  exception  of  a  few 
accretion  strisQi,  which  are  usually  more  marked  round  the  margin  of 
the  umbilicus. 

In  the  marine  limestones  and  associated  strata  of  the  Carboniferous 
period,  8.  ambtguus  appears  to  take  the  place  of  the  burrowing 
form  8,  {Microconchua)  pusillus,  so  essentially  characteristic  of  the 
more  brackish-water  deposits  of  the  same  epoch,  especially  the 
Calciferous  Sandstone  Seines  of  Scotland;  but  I  have  never  seen, 
an  individual  of  8,  ambiguua  from  the  limestone  series  with  this 
burrowing  tendency. 

I  can  see  little  or  no  difference  between  the  specimens  of 
S.  ambiguu8  I  have  examined  and  the  figures  of  M'Coy's  S.  globo8U8,\ 
and  I  strongly  suspect  that  when  a  comparison  of  specimens  can  be 
made,  the  one  will  be  found  to  be  indistinguishable  from  the  other. 
They  are  both  dextral  and  globose ;  both  have  a  broad  back  for  the 
size  of  the  tube ;  both  are  to  all  intents  and  purposes  smooth,  and 
the  volutions  are  concealed  by  the  last  whorl,  if  more  than  one,  or 
one  and  a  half  exists.  The  only  apparent  difference  between  the  two 
is  in  the  umbilicus,  which,  in  S,  ambiguus,  certainly  cannot  be  said  to 
be  small. 

Mr.  K.  Howse '  quotes  8.  globosus  from  the  Permian  of  Humbleton 
HUl,  so,  if  identical  with  the  present  species,  the  upward  range  of  the 
latter  will  be  much  increased.  I  am  indebted  to  my  friend  Prof. 
F.  von  Eoemer,  of  Breslau,  for  specimens  of  8pirorbi8  omphalodes, 
Goldf.,  from  the  Eifel,  and  I  really  can  hardly  distinguish  between 
this  and  well-grown  examples  of  8,  ambiguua,  so  much  are  they 
alike ;  the  latter  is  perhaps  a  little  more  striated.  If  identical,  I  can 
hardly  indicate  which  name  has  priority.  Fleming's  name  was 
given  in  1828,  that  of  Goldfuss  between  1826  and  1833. 

In  some  specimens  of  8,  ambtguus,  whether  from  accident  or  not, 
it  is  difficult  to  say,  the  sides  of  the  shell  become  compressed  and 
concave  near  the  periphery,  giving  to  the  latter  the  appearance  of  a 
bordering  keel.  This  is  usually  seen  in  attached  specimens  and  is 
probably  accidental. 
The  unnamed  8ptrorbis,  figured  by  Mr.  J.  de  C.  Sowerby  ^  from 

1  Sj-nop.  Carb.  Foss.  Ireland,  p.  169,  t.  4,  f.  10. 

«  "  Catalogue,"  etc.,  Trans.  Tyneside  Nat.  Field  Club,  1848,  i.  p.  268. 

3  TranB.  Geol.  Soc.  1840,  2nd  ser.  y.  t.  40,  f.  le. 
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the  Penneystone  Ironstone  of  the  Coalbrookdale  Coal-field,  has  all 
the  appearance  of  S.  amhiguus. 

Loc,  and  Horizon. — Cults  Lime  Works,  near  Pitlessie,  Fife,  on  the 
valves  of  Myalina  crassa,  Fleming;  Koscobie  Quarry,  near  Dun- 
fermline, Fife ;  Skateraw  Quarry,  near  Dunbar ;  Gilmerton  Old 
Quarry,  near  Edinburgh ;  Oalabraes  and  North  Mine  Quarries,  near 
Bathgate,  all  horizons  in  the  Lower  Carboniferous  Limestone  group. 
Shore,  east  of  Ravenscraig  Castle,  Pathhead,  Fife,  in  shale  of  the 
Upper  Carboniferous  Limestone  group  (Mr.  J.  Bennie). 

3.  Spirorhis  helicteres,  Salter.     (Plate  VIL  Figs.  12-15.) 

S.  helieteret  (Salter),  Rey.  T.  Brown,  Trans.  R.  Soc.  Edinb.  1861,  xxii.  p.  401,  f.  3. 
„  Salter,  Mem.   Geol  Survey  Scot.,  No.  32,   1861,  p.    145  {wUituui 

description). 
„  Young,  l^oc.  Nat  Hist.  Soc.  Glasgow,  1878,  iii.  pt  3,  p.  329. 

„  Bipbj',  Thes.  Dey.-Carbonif.  1878.  p.  243  {ibid). 

„  Ethendge,  jun.,  Quart.  Joum.  Geol.  Soc.  1878,  xxxiy.  pt.  1,  pp.  4  and 

22  libid). 

Sp.  char. — Tube  forming  on  open  helix,  whorls  laterally  com- 
pressed ;  as  a  rule  the  first  two  only  are  compact  and  discoid,  the 
remainder  being  elongately  extended,  twisted,  and  often  a  quarter  of 
an  inch  in  length ;  aperture  oval,  with  a  plain  thin  margin ;  surface 
non-striate,  but  marked  with  irregularly-wrinkled  rugsd;  habit 
imattached,  gregarious. 

Oba. — The  original  description  of  this  species  was  furnished  by 
the  late  Mr.  J.  W.  Salter  for  the  Rev.  T.  Brown's  paper,  "  On  the 
Mountain  Limestone  and  L.  Carboniferous  Bocks  of  the  Fifeshire 
Coast,  etc.,"  and  was  drawn  up  from  specimens  discovered  by  Mr, 
Brown. 

The  extended  portion  of  the  tube  sometimes  turns  or  twists  upon 
itself,  in  an  open  elongated  and  loose  helix,  at  others  it  curves  about 
in  an  irregular  manner.  S.  helicteres  appears  to  be  quite  unattached 
to  any  foreign  body,  this  character  being  alluded  to  by  Mr.  Salter 
in  the  following  words :  "  It  occurs  in  distinct  beds,  hundreds 
grouped  together,  yet  without  ostensible  attachment  to  any  other 
object  than  its  own  species."  Mr.  Salter  considered  Sp.  helicteres  to 
be  allied  to  Serpula  Archimedis,  de  Kon. ;  ^  the  latter  is,  however,  less 
compressed,  more  closely  coiled,  and  has  close-set  strias  and  large 
transverse  plaits.  Both  Spirorhis  caperatus,  M*Coy,  and  Serpula 
carbonariOf  Binney,  terminate  in  free  tubes,  more  or  less  coiled ;  but 
the  former,  at  any  rate,  is  easily  to  be  distinguished  from  the  present 
species,  although  it  would  be  well  to  make  a  comparison  between 
Mr.  Binney's  form  and  the  latter;  I  think  they  will  be  found  to 
approach  one  another  very  closely,  although  the  free  tube  of  Serpula 
carhonaria,  Binney,  does  not  appear  to  be  at  all  tortuous,  or  bent  on 
itself. 

Unless  seen  in  mass  on  the  weathered  surfaces  of  hand  specimens 
of  limestone,  when  its  peculiar  characters  become  at  once  apparent, 
it  is,  at  times,  difficult  to  distingubh  Sp.  helicteres  from  S.  pusillus. 
The  coiled  portions  of  both  are  much  alike  at  first  sight — both 

'  Descrip.  des  Anim.  Foss.  p.  57,  t.  G.  f.  6. 
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dextral,  convex  on  one  side,  flattened,  or  irregalarly  piled  on  the 
other,  and  almost  similarly  marked.  It  may,  however,  be  said 
generally,  that  the  ooiled  portion  of  8.  pusillus  is  wound  much  more 
closely  than  8.  hdicieres,  the  volutions  less  in  the  same  plane  with 
one  another,  and  the  termination  of  the  last  whorl,  where  it  quits  the 
ooiled  portion  of  the  tube,  directed  more  to  one  side  than  in  Salter's 
species.  In  mass,  the  peculiarities  of  8.  helicteres  become  very 
marked,  especially  the  compressed  tortuous  tube  with  from  four  to 
six  turns,  or  open  volutions.  I  have  examined  authenticated 
examples  of  8erptda  subannulata,  Portlock,^  from  Co.  Derry,  in  the 
Museum  of  Practical  Geology,  and  I  believe  this  species  to  be  only 
a  large  condition  of  Spirorbis  or  8erpula  helicieres^  Salter,  in  which 
case  Portlock's  name  will  have  to  be  adopted. 

The  internal  structure  of  Sp.  heUcteres  has  been  studied  by  Mr.  J. 
Young,  who  states  that  the  tubes  are  traversed  by  thin,  concave,  and 
imperforate,  transverse  septa,  placed  at  irregular  distances,  and  so 
coinciding  with  the  structure  of  certain  recent  8erpula  in  the 
Hunterian  Museum.^  In  fragments  of  the  free  tube  from  Liddesdale, 
sent  to  me  by  Mr.  Bonnie,  these  divisions  are  sometimes  to  be  seen, 
and  the  tube  appears  to  possess  a  peculiar  facility  for  breaking  across 
into  small  pieces  at  these  diaphragms. 

Loe,  and  Horizon. — Shore,  near  Fifeness,  to  the  N.W.  of  the 
Balbomie  Sands,  Fife  (Rev.  T,  Broum) ;  Glubbiedean  Reservoir,  N4 
end  of  the  Pentland  Hills  (J.  W.  8aUer,  Geol,  Survey  Scot.);' 
Nether  Tarisch,  on  the  Ayr  Water,  E.  of  Som  (A.  Macconochie, 
GeoL  Survey  Scot.) ;  Ayrshire  coast,  between  the  Heads  of  Ayr  and 
the  "  Deil's  Dyke "  (</*.  Young)  * ;  these  localities  are  all  in  the 
Cement  Stone  Group  of  the  L.  Carboniferous  series  of  Scotland ;  it 
is,  however,  stated  by  Mr.  Young  that  8.  helicterea  occurs  in  a  thin 
mussel-band  ironstone  of  the  Coal-measures  at  Newton  Cambuslang.*^ 

4. — Spirorhis  caper atm,  M*Coy.     (Plate  VII.  Figs.  16-18.) 

Spirorbit  eaperaltM^  M*Coy,  Synop.  Carb.  Lime.  Fosb.  Ireland,  1844,  p.  169,  t  23, 

f.  26. 
Morris,  Cat.  Brit.  Fosa.  1854,  2nd  ed.  p.  1  (without  description), 
Etheridge,  jun.,  Mem.  Geol.  Survey  Scot.  Expl.  23,  1873,  p.  98. 
Armstrong  and  Young,  W.  Scot.  Foss.  1876,   p.  43  (without 
deseription), 
Serpula  et  Spirorbia  eaperatut^  Bigsoy,  Thes.  Dev.-Carbonif.  1878,  p.  243  (ibid.). 

8p»  char. — ^Tube  discoid  forming  a  closed  helix  of  two  whorls,  and 
then  becoming  extended  into  a  produced  and  somewhat  curved  free 
portion  ;  section  round ;  surface  occupied  by  equidistant,  sharp  and 
prominent,  transverse  ridges.  ^  Usually  attached  to  the  surface  of 
shells,  etc. 

06». — ^This  species  was  described  by  Prof.  M'Coy  from  a  single 
specimen,  so  that  we  must  not  expect  his  figure  to  present  all  the 
characters  of  the  form  as  presented  by  a  number  of  specimens.     I 

*  Geol.  Report,  Londonderry,  p.  363. 

»  Proc.  Nat.  Hist.  Soc.  Glasgow,  iii.  p.  329. 
'  Mem.  Geol.  Survey  Scot.  ^o.  32.  p.  145. 

*  loc.  eit,  p.  328.  *  loe.  oit.  i.  p.  102. 
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believe  I  am  oorreet  in  considering  Fig.  16  as  the  form  wbich  has 
been  universally  referred  in  Scotland  to  ibis  species. 

Sp,  caperatuM  frequently  occurs  attached  to  tbe  surface  of  sbells, 
but  specimens  have  come  under  my  observation  without  presenting 
any  visible  evidence  of  attachment.  As  originally  figured,  ihe  tube 
terminated  immediately  following  the  second  ttim  of  the  helix,  but 
some  time  ago  I  pointed  out  that  in  many  cases  the  shell  was 
extended  into  a  prolonged  more  or  less  curved  free  portion.  I 
believe  small  granules  can  be  detected  on  some  specimens,  studding 
the  sharp  transverse  ridges ;  but  on  this  point  I  cannot  speak  ¥ritb 
certainty,  as  the  specimens  may  have  been  deceptive. 

A  close  ally  of  this  species  is  the  S.  Arkonensis^  Nicholson,^  which 
has  similar  concentric  ridges,  and  the  mouth  turned  upwards.  It  is, 
however,  both  dextral  and  sinistral. 

Spirorbta  laxus,  Hall,'  is  annulated  and  ends  in  a  free  tube  like 
S.  caperatus,  but  tbe  annulations  are  more  distinct,  direct,  and 
farther  apart,  judging  from  figures. 

Loc,  and  Horizon, — Occurs  at  many  localities  throughoat  the  Scotch 
Carboniferous  Limestone  Series.  Specimens  before  me  are  from 
Galabraes  Quarry,  near  Bathgate ;  Roscobie  Quarry,  near  Dunferm- 
line ;  Catcraig  and  Skateraw  Quarries,  near  DunlMir ;  the  quarry  at 
Oarlops,  Peebles-shire;  all  from  shale  connected  with  the  Lower 
Limestones  of  the  Carboniferous  Limestone  Series*  (Mr.  J.  Bennxe). 

5.  Spirorbis  spinoaa,  de  Eoninck.     (Plate  VIL  Figs.  19-21.) 

Serpuia  spinoaa^  de  Eon.,  Descrip.  des  Anim.  Foss.  p.  58,  t.  G.  f.  8,  a—  c. 

„       Bronn,  Index  Pal.  Nomen.  1849,  p.  1139  (without  deMcription). 
Spu-orbis     „       Etheridge,  Jan.,  Mem.  Gaol.  Survey  Scot  £xpl.  23,  p.  86  {ibid), 

„  „       Armstrong  and  ^oui^.  Cat.  W.  Scot.  Fos.  1876,  p.  43  {ibid), 

Serpuia,  et  Spirorbis  spiftoaa,  Bigsby,  Thes.  Dev.-Carb.  1878,  p.  243  {ibid), 

Sp,  char. — Tube  globose,  forming  a  closed  globular  helix  of  from 
three  to  four  wliorls ;  back  broad,  its  lateral  margins  more  or  less 
crenulate;  umbilicus  deep;  section  circular;  surface  covered  with 
small,  sharp  prickles,  or  abortive  spines,  arranged  in  quincunx,  and 
here  and  there  a  few  transverse  wrinkles. 

Obs, — Tlie  rarity  of  S,  spinosa  in  the  Carboniferous  rocks  of 
Belgium  is  only  equalled  by  its  uncommon  occurrence  in  those  of 
Scotland. 

From  8.  caperatus,  M*Coy,  to  which  it  at  first  bears  some  resem- 
blance, the  present  species  may  be  distinguished  by  the  absence  of 
the  regular  transverse  ridges  or  rings  of  the  former,  a  much  broader 
back  to  the  helix,  and,  so  far  as  I  know  at  present,  the  absence  of 
the  free  terminal  tube.  If  I  am  correct  in  stating  that  S.  caperatns 
hns  small  spines  or  prickles,  a  good  point  of  similarity  will  be  estab- 
lished, but  not  one  sufficient  for  their  union,  because  in  8,  spinosa 
the  spines  are  scattered  broadcast  over  the  surface,  whilst  in  S. 
eaperatuSf  if  they  exist,  they  are  confined  to  the  crests  of  the 
annulations,  and  at  the  best  only  form  a  roughening  of  the  latter. 

»  Pal.  Ontario,  1874,  i.  p.  121,  f.  64,  b  and  c, 

*  Pal.  N.  York,  iii.  p.  349 ;  Atlas,  t.  54,  f.  18,  a— i?. 

*  For  localities  in  the  West  of  Sceiland,  see  Armstrong  and  Young's  "  Catalogue," 
and  Mem.  Geol.  Surrey  Scotland,  No.  23. 
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8.  gpinulifems,  Nicholson,^  is  allied  to  S,  spinosa  in  the  presence 
of  strong  Bpinifonn  projections. 

Loe  and  Horixon, — Skateraw  and  Catoraig  Qaarries,  near  Danbar ; 
Burlage  Quarry,  near  Dunbar;  in  shale  of  the  Lower  Carbon- 
iferous Limestone  Group  ;  Gair  Quarry,  near  Carluke,  etc.,  in  shale 
of  the  Upper  Carboniferous  Limestone  Group  (Mr,  J.  Bennie). 

6. — Sptrorhisf  (Serpula)  Archimedta,  de  Koninck? 

Strpula  Arehinudis,  de  Koninck,  Descrip.  des  Anim.  Fobs.  p.  t.  6,  f .  6. 
„  „  Bronn,  Index  Pal.  ^ornen.  1848,  p.  (wilKout  deteription), 

„  „  Bigsby,  Thes.  Dev.-Carb.  1878,  p.  243  {ibid). 

Ohs. — Mr.  Bennie  has  found  a  single  specimen  which  appears  to 
have  relation  with  the  above  species.  Unfortunately  it  is  only  an 
internal  cast,  but  the  iurriculated  form  of  the  coil,  and  certain  indis- 
tinct traces  of  transverse -ridges,  such  as  are  described  by  Prof,  de 
Koninck  in  S,  Archtmedisy  render  it  likely  that  we  may  have  to 
catalogue  this  as  a  British  form. 

Loe, — Law  Quarry,  near  Dairy,  Ayrshire — Carboniferous  Lime- 
stone Series  (Mr,  J.  Bennte). 

l.—Spirorhis  Etchwcddi,  sp.  nov.     (Plate  VII.  Figs.  22-24:.) 
Sp.  carhonariutf  MorcbiBon,  Mir.  B.  Etberidge,  jnn.,  Qbol.  Mao.  1877,  IV.  p.  319. 

8p.  char, — ^Tnbe  planorbiform,  deztral,  of  from  two  and  a  half  to 
three  volutions,  usually  all  more  or  less  in  the  same  plane ;  the 
volutions  convex  on  one  side,  the  upper,  but  flattened  on  the  lower, 
as  if  by  attachment  Surface  usually  quite  smooth,  but  sometimes 
with  a  few  transverse  ridges;  the  periphery  of  the  tube  sharp, 
produced  into  a  series  of  short,  minute,  regular,  spiniform  processes. 
Aperture  oval ;  umbilicus  shallow  and  open. 

Obs, — In  a  few  " Palaeontological  Notes"  communicated  to  the 
Geologioal  Magazine  I  pointed  out  the  occurrence  of  this  peculiar 
and  pretty  form  of  Spirorbia  in  the  Lower  Carboniferous  beds  of  the 
Edinburgh  neighbourhood,  which  so  directly  calls  to  mind  the 
Bussian  Silurian  species,  S,  Siluricm,  Eichwald.'  Formerly  I  con- 
sidered it  better  to  regard  8,  Eichwaldi  only  as  a  variety  of  the 
common  Lower  Carboniferous  form,  but  on  reconsidering  the  matter, 
and  after  the  examination  of  a  large  number  of  individuals  of  the 
latter  from  different  localities,  and  free  from  matrix,  kindly  prepared 
for  me  by  Mr.  Bennie,  it  appears  to  me  necessary  to  keep  8,  Eich- 
waldi distinct  from  8,  pusillus,  Martin  (=5.  carbonnrim,  Murch.). 
Of  the  many  hundred  examples  of  the  latter  I  have  examined  not 
one  has  presented  the  tubercular  periphery  of  8,  Eichtoaldi,  and,  per 
contra,  all  the  individuals  of  the  latter  which  have  come  under  my 
notice  have  possessed  this  character.  From  8,  8iluricu8,  Eichwald, 
our  new  form  differs  in  a  much  less  degree,  but  it  may  be  stated 
generally  that  the  shell  is  much  larger  in  the  former,  and  the  spin- 
ous processes  are  smaller  and  less  developed ;  the  apertui*e  is  semi- 
lunar instead  of  oval,  and  the  umbilicus  deep  instead  of  open  and 

Bhallow. 

>  Pal.  Ontario,  pt.  2,  pp.  83  and  84,  f.  He. 

^  Lethsea  Bossica,  i.  p.  668,  t.  34,  f.  1,  a-Cy  2  a  and  6. 
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In  the  Permian  Spirorbis  planorbites,  Munster,  the  periphery 
appears  to  be  somewhat  crenulated  by  minnte  projections  as  shown 
in  one  of  the  figures  of  this  species  given  by  Qeinitz.*  but  this  crenu- 
lation  bears  no  comparison  with  that  of  S,  Eichwaldi, 

Loc.  and  Horizon, — Quarry  on  bank  of  Linnhouse  Water,  opposite 
the  Oakbank  Oil  Works,  near  Mid  Calder,  in  a  limestone  of  the 
Cement  Stone  Group  (Calciferous  Sandstone  Series),  associated  with 
Sp.  pusilluSf  and  bivalves  {Mr.  J,  Bennie), 

8. — Spirorbis  Armstrongi,  sp.  nov.     (Plate  Vll.  Fig.  25.) 

Sp.  char. — ^Tube  planorbiform,  dextral,  the  last  turn  large,  and 
more  or  less  covering  the  others.  Surface  spirally  lined  with 
microscopic  striae,  and  crossed  transversely  at  regular  intervals  by  a 
series  of  sharp  projecting  ridges,  crests,  or  frills. 

Obs. — This  well-marked  species  has  presented  itself  only  in 
fragments,  with  the  exception  of  one  specimen,  but  its  appearance 
is  so  well  marked  that  I  think  it  deserves  to  be  distinguielied  by  a 
name.  The  strong  frills  or  crests  which  cross  the  surface  of  the  shell, 
accompanied  by  the  spiral  fine  striae,  render  this  a  conspicuous 
species. 

The  nearest  ally  of  8.  Armstrongi,  so  far  as  I  have  been  able  to 
ascertain,  is  Spirorbis  (Serpula)  epithonia,  Goldfuss,'  which  has 
similar  transverse  frills,  but  of  a  less  degree,  and  no  spiral  striae, 
as  in  the  present  species.  Next  to  this  is  Spirorbis  laxus.  Hall,' 
from  the  Jjower  Helderberg  Group,  but  in  this  instance  the 
ridges  which  cross  the  surface  of  the  shell  are  mere  annulations,  and 
do  not  extend  beyond  the  periphery,  whereas  in  our  S.  Armatrongi 
the  crests  are  sharp  and  exect,  and  in  fact  at  times  have  an  imbricat- 
ing appearance,  as  if  representing  successive  growths  of  the  tube 
which  overlap  one  another.  There  is  in  this  character,  but  in  no 
other,  a  connexion  with  Serpula  scalaris,  M*Coy,*  in  which  the  same 
imbricating  or  overlapping  of  the  successive  growths  of  the  tube  is 
seen. 

Spirorbis  angtdatus,  Hall,'  is  described  as  having  the  surface 
lamellose  striate,  the  lamellae  being  crowded  into  ridges ;  without  a 
figure  it  is  difficult  to  say  how  far  this  would  correspond  with  the 
present  species ;  it  is  however  probable  that  it  somewhat  resembles  it 
so  far,  although  the  '*  upper  angular  side,  sometimes  nodose,"  would 
at  once  separate  them,  as  there  is  no  trace  of  nodes  in  S.  Armstrongi. 

I  have  much  pleasure  in  associating  with  this  species  the  name  of 
Mr.  J.  Armstrong,  whose  researches  in  Carboniferous  Palaeontology 
are  too  well  known  to  require  comment  from  me. 

Loc.  and  Horizon. — Carlops  Quarry,  Peebles-shire,  in  shale  over  the 
Carlops  Limestone,  L.  Carboniferous  Limestone  Group  (Mr.  /. 
Bennie). 

»  Dyas,  t.  10,  f.  10. 

^  Petrefacta  Germanise,  t.  67  f.  1. 

»  Pal.  N.  York,  iii.  t.  64,  f.  18  a-e. 

*  Synop.  Carb.  Lime.  Foes.  Ireland,  t.  23,  f.  29. 

ft  Fifteenth  Ann.  Eeport  State  Cab.  I^at  Hist.  N.  York,  1862,  p.  112. 
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EXPLANATION   OF   PLATE   VII. 

Fio.  1.  Spimrhi*  (Mierw»nehu»)  jnuilius,  Martin.  An  example  free  of  matrix, 
showing  the  exposed  side  of  the  tube,  ^ith  the  aperture  hent  to  one  side. 
X  6.    Calciferous  Sandstone  Series,  Linnhouse  water,  near  Mid  Calder. 

2.  The  same.  Another  specimen  illustrating  the  flattened,  or  whoUy  attached 
side.     X  6.    Same  norizon  and  locfdity. 

3.  The  same.  A  third  example,  showing  the  attached  side,  bearing  a  groove, 
the  vacuity  left  by  the  body  of  attacnment.    x  6.    Same  horizon  and  loo. 

4.  The  same.    A  spec,  exhibiting  a  hollow  section  of  the  tube,     x  6.    As  before. 
6.  The  same.    An  example  showing  the  piled  condition  of  the  tube,  with  a 

minute  erooye  of  attachment  at  the  apex  of  the  pile,     x  6.    As  before. 

6.  The  same.  Four  specimens  burrowing  in  the  substance  of  a  leaf  of  Cordaitet* 
X  2.    In  shale,  Ireland. 

7.  A  cluster  of  the  same  species  on  the  interior  of  portion  of  a  Myaliniform 
shell.     X  2.    L.  Carboniferous,  River  Tweed,  oelow  Coldstream  Bridge. 

8.  Yar.  timplexy  R.  Eth.  jun.  The  simplest  condition  of  this  species,  x  2. 
War^  shales,  Straiten  Oil  Works,  near  Burdiehouse. 

9.  Spirorbis  ambiguus,  Fleming.  A  characteristic  example,  from  which  the 
strife  of  growth  have  been  omitted,  x  6.  L.  Carboniferous  limestone 
group,  B^scobie,  near  Dunfermline. 

10.  Another  specimen  from  the  same  locality. 

11.  A  large  decorticated  individual  adhering  to  a  fragment  of  coral  (P).  x  2. 
Law  Quarry,  near  Dairy. 

12.  Spirorbis  heheteresy  Salter?  A  portion  of  the  decorticated  free  tubeP 
X  6.    Law  Quarry,  near  Dairy. 

13.  Spirwbia  helicteres^  Salter.  Scattered  over  the  weathered  surface  of  a 
piece  of  **  Spirorbis -limestone.*'  x  2.  Carboniferous  limestone? 
Mitchell  Dean,  Gloucestershire. 

14.  A  microscopic  section  of  same,  showing  the  hollow  condition  of  the  tubes. 

15.  Another  specimen  of  the  free  portion  of  the  tube  of  this  species?  x  4. 
Law  Quarry,  near  Dairy. 

16.  Spirorbis  caperatus^  M'Coy.  A  typical  example,  x  6.  L.  Carboniferous 
limestone  group,  Burlage  Quarry,  near  Dunoar. 

17.  Another  example  of  the  same,  showing  its  attachment  to  a  small  spine. 
X  6.     L.  Carboniferous  limestone  group,  Skateraw  Quarry,  near  Dunbar. 

18.  The  same.  With  a  portion  of  the  short  tree  tube,  x  6.  Inverteil  Quarry, 
near  Kirkcaldy. 

19.  Spirorbis  spinosa^  de  Koninck.  A  small  specimen  in  which  the  spines  are 
but  faintly  represented,  x  6.  L.  Carboniferous  limestone  group, 
Skateraw  Quarry. 

20.  The  same.  Another  example  showing  the  mouth,  x  6.  Same  horizon 
and  locality. 

21.  The  same.    Attached  to  a  small  Crinoidal  stem,     x  6.    As  before. 

22.  Spirorbis  Eichwaldi,  R.  Eth.  Jun.  A  t)'pical  specimen  with  the  large 
expanded  terminal  whorl  and  spinous  periphery,  x  6.  Calciferous 
Sandstone  Series,  Oakbank  Oil  Works,  near  Mid  Calder. 

23.  A  somewhat  less  crushed  form  of  the  same,     x  6.    From  the  same  locality. 

24.  Another  example,  showing  the  flattened  attached  side,  x  6.  Same 
locality,  etc. 

25.  Spirorbis  Artnstrongi,  R.  Eth.  Jun.  A  rather  crushed  specimen  attached 
to  a  fra^ent  of  Sulcoretepora,  with  the  strong  lamellar  ridges  shown. 
X  3.    L.  Carboniferous  limestone  group,  Carlops. 

26  and  27.  Spirorbis  Dawsotn^  R.  Eth.  Jun.  Two  examples  of  this  minute 
species,  x  6.  L.  Carboniferous  limestone  group.  Fig.  26,  from  Seutield 
Tower,  near  Kirkcaldy ;  Fig.  27  from  the  **  Vaults,"  near  Dunbar. 

28.  Spirorbis,  sp.  ind.  A  fragment  with  very  strong  ai^cretion  ridges,  x  6. 
L.  Carboniferous  limestone  group,  Burli^^e  Quarry,  near  Dunbar. 

29.  Serpulites  earbonariuSf  M'Coy.  A  fragment  of  a  very  large  specimen, 
with  the  thickened  marginal  ridges.  The  surface  should  have  been 
slightly  striated  transversely.  Fig.  29a.  Another  fragment  with  a 
longitudinally  wrinkled  surface.  Fig.  29b.  Cross  section  of  the  same. 
Nat.  size.    Carboniferous  limestone  ?    Lesmahagow. 
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Fio.  30.  Serpmla  indUtimeU^   Flmiiig,    id.     The  original   ■periiBfii    figvred  by 

Sowerbj.    Nat.  nze.    W.  LotniaiL 
„     31.  The  fame.   (^.  «wAr«jMt«,  Portlock.)   Nat.  nze.  Aimag^  Imiestaiie,  Iidaal 
„     32.  Another  example  of  the  same. 

„     33.  /itrjmla  Torbamenns,  B.  £th.  Jon.    One  of  the  oral  cfaiiten  of  tnbet.    y  3. 
tf     34.  Serpuia  remutiformU,  R.   £th.  Jnn.     A  specimen  showing  the  peeuliir 

constricted  tube  of  this  species.    Nat.  size.    Carboniferous  limertona. 
„     Zb.   Vermilia,  sp.  ind.     On  a  portion  of  a  small  Encrinite  stenu  x  2.    L.  Car- 

boniferoos  limestone  group,  Skateraw  Qnarrr,  near  Dunbar. 
„     36.  Another  stem  bearing  two  small  qpedmens  of  the  same,     x   2.    Sane 

locality,  etc. 
„     37.  OrtoHia   Carbonarim^  J.   Toong.    An  example  in  which  the  transrene 

ridges  and  Tertical  striie  are  preserred.     x  6.    BaTenacraig  Castle,  near 

Kirkcaldy,  Upper  Carboniferous  limestone  group. 
„     38.  A  Ur]<e  specimen  of  the  same,     x  6.    Skateraw,  near  Dunbar,  L.  Car- 
boniferous limestone  group. 
„     39.  A  third  individual,  showing  the  small  spine  to  which  it  is  attached,  and  the 

groove  formed  by  it.     x   6.    Whitehouse,    near  Linlithgow,   Upper 

carboniferous  limestone  group. 
,,     40.  Another  example,  with  the  grooTe  from  which  the  spine  has  been  removed. 

X  6.  Galabraes  Quarry,  near  Bathgate,  L.  Carboniferous  limestone  group. 
„     41.  Litrupa  Eyckkolti^  B.'Eth.  Jun.      Two  minute  examples,  many  times 

magnified.    Carboniferous  limestone,  Woodend  Quarry,  near  Fordel,  Ftfe. 
,,     42.  Litrupa^  sp.  ind.     Becent  specimens  from  Madeira,  for  comparison  with 

Fig.  41.    Nat.  size. 
The  subjects  of  Figs.  30  and  42  are  in  the  British  Museum ;  Figs.  6,  13,  14,  29, 
31,  and  32  are  in  the  Mus.  Practical  Geology;  Fig.  34  is  in  the  Cabinet  of  the 
Bev.  Mr.  De-la^Haye ;    and  the  remainder  are  in  the  Collection  of  the  Geol. 
Survey  of  Scotland. 

(To  hi  continued  in  our  next  Number.) 

IV. — On  the  Pbe-Cambbian  Eocks  of  West  and  Gemtbal 

BOSS-SHIBE. 

By  Henbt  Hicks,  M.D.,  F.G.S. 
With    Petbolooioal    Notes. 

By  T.  Davies,  F.G.S.,  of  the  British  Museum. 

(Concluded fr&m  p.  226.) 

Pakt   IV. 

Ben  Fin  and  MularL 

IN  these  mountains  to  the  north  of  the  road  leading  from  Glen 
Docherty  to  Auchnasheen,  the  gneiss  rocks  and  mica  schists  of 
which  they  are  mainl}'  composed  dip  at  a  high  angle,  and  have  a  strike 
averaging  somewhere  about  N.W.  to  S.E. — in  some  plaoes  being 
nearly  due  N.  and  S.,  in  others  only  a  little  N.  of  W.  This  strike, 
which  is  the  normal  one  for  the  Pre-Cambrian  rocks,  and  very 
unusual  in  the  newer  deposits,  occurring  here  throughout  so  great  a 
thickness  of  strata  and  over  a  wide  area,  when  we  take  into  con- 
sideration the  fact  also  that  the  rocks  themselves  present  the 
strongest  resemblance  possible  to  many  of  those  found  amongst  the 
Pre-Cambrian  rocks  in  the  Western  areas,  furnishes  very  strong 
proof  that  we  have  here  a  re-appearance  of  the  old  Pre-Cambrian  floor. 
The  range,  of  which  these  mountains  form  a  part  only,  extends 
along  central  Ross-shire  in  a  line  nearly  due  E.  and  W.  for  a 
distance  of  about  ten  miles.  It  includes  Ben  Eigen,  and  a  portion 
to  the  east  of  that  mountain.  These  I  was  not  able  to  visit,  but 
from  the  descriptions  that  have  already  been  given  of  them,  I  have 
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no  donbt  whatever  that  the  interpretations  supplied  by  Ben  Fin  and 
Molart  are  equally  applicable  to  those  portions  of  the  range. 

In  my  former  paper  I  described  the  rocks  composing  these 
mountains  as  "a  highly  crystalline  series,  chiefly  gneiss  with 
garnets,  mica  schists  also  with  an  abundance  of  garnets,  and  some 
hornblende  schists  ** ;  and  that  "  the  crystallization  is  in  no  way 
local,  but  affects  the  whole  series  equally ;  and  it  is  that  form  so 
peculiarly  characteristic  of  the  older  or  Pre-Cambrian  rocks  wherever 
they  are  exposed  in  this  country." 

I  devoted  a  considerable  time  to  the  examination  of  these  moun- 
tains, and  collected  specimens  at  all  horizons  as  far  as  this  was 
possible.  It  is  perfectly  clear  that  the  vertical  thickness  of  the 
rocks  exposed  is  very  great,  but  there  are  distinct  evidences  also  of 
their  being  frequently  repeated  in  minor  folds.  Amongst  the  speci- 
mens collected  maybe  specially  mentioned  the  following  varieties: — 

1.  A  rather  massive  gneiss,  consisting  of  thick  bands  of  coarse- 
grained white  and  pink  felspar,  with  quartz,  and  laminad  of  black 
and  white  mica  with  garnets  and  sphene. 

2.  A  gneiss  in  which  the  orthoclase  felspar  is  frequently  developed 
in  well-defined  crystalline  groups,  with  black  and  white  mica  and 
garnets  in  large  distinct  crystals.     An  augen-^eiss. 

3.  A  coarse-grained  granitoid  gneiss,  with  garnets  and  sphene. 

4.  A  fine-grained  ditto  ditto. 

5.  A  coarse  granite,  with  large  flakes  of  mica  (probably  a  vein). 

6.  A  dull-coloured  mica  schist,  with  an  abundance  of  decomposing 
garnets,  giving  to  the  whole  a  rusty  appearance. 

7.  Bright  silvery  mica  schist,  with  garnets. 

8.  A  highly  micaceous  gneiss,  consisting  of  bands  of  white  and 
black  mica,  with  a  moderate  amount  of  quartz  and  felspar,  and  some 
garnets  and  sphene. 

9.  A  medium-grained  hornblende  gneiss,  with  much  sphene.* 

10.  A  massive  hornblende  rock,  coarse-grained,  with  much  sphene. 
Several  of  the  above  are  more  fully  described  by  Mr.  Davies  in 

Notes  23-28. 

[Note  23. — This  rock  appears  to  be  a  fine-grained  foliated  gneiss, 
in  which  the  orthoclase  occasionally  occurs  as  large  crystals  or  lenti- 
cular groups  of  crystals,  forming  the  variety  called  aiujen-gneiss,  A 
thin  section  shows  that  quartz  is  the  predominant  mineral.  Much 
of  it  is  very  intimately  crystalline,  and  in  lengthened-out  grains 
according  with  the  direction  of  the  foliation.  The  grains  are  only 
individualized  when  seen  between  crossed  Nicols.  The  quartz  is 
very  clear,  though  in  some  bands  there  are  numerous  grains  which 

^  Professor  Bonney  in  his  paper  (Quart.  Jonm.  Geol.  Soc.  vol.  xxxvi.  p.  106) 
MTs  that  he  **  failed  to  find  any  nomoleudic  rock  other  than  intrusive  "  in  lien  Fin. 
That  Nos.  9  and  10  are  not  intrusive  is  in  my  opinion  Tas  also  in  Mr.  Davics's)  almost 
beyond  doubt,  and  I  am  surprised  that  Prof.  Bonney  did  not  meet  with  them,  espe- 
cially as  he  appears  to  have  come  across,  at  an  horizon  near  wht-ro  these  are  found, 
what  he  calls  a  **pametiferous  diorite."  That,  however,  he  should  not  have  touched  all 
ttie  varieties  in  his  hurried  examination  of  a  few  hours  is  not  at  all  surprising,  consider- 
ing that  1  spent  two  whole  days  on  these  mountains,  and  hud  even  then  to  miss  many 
points. 
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inclose  the  mioroscopio  "dust"  The  felspar,  which  is  crystalline 
with  the  quartz,  is  principally  a  plagioclase.  Black  dichroio  mica 
with  a  very  little  of  the  colourless  variety  is  in  frequent  but  thin 
bands.  Garnet,  sphene,  and  magnetite  are  also  diffused,  but  are  not 
abundant — T.D.] 

[NoTB  24. — More  compact  than  No.  15,  and  less  distinctly  foliated. 
The  quartz  here  too  is  preponderant,  and  crystalline,  the  individual 
grains  being  crystallized  around  and  into  each  other.  As  a  result, 
some  of  them  present  an  exceedingly  irregular  form,  and  partly  sur- 
round and  inclose  other  crystalline  grains  of  the  same  mineral. 
Felspar  is  sparse,  the  plagioclcuse  more  so,  but  are  intimately  crystal- 
line with  the  quartz.  The  micas,  as  in  No.  15,  are  in  thin  laminss 
or  aggregations  of  laminae,  which  lie  in  excessively  thin  bands. 
They  are  not,  however,  exclusively  confined  to  these,  but  thin  plates 
are  scattered  throughout,  though  all  lie  approximately  parallel  to  the 
bands.     Garnet  and  sphene  are  here  in  minute  crystals. — ^T.D.] 

[Note  25. — A  medium-grained  rock,  which,  on  microscopic 
examination,  appears  to  consist  of  quartzo-felspathic  bands  with 
thinner  bands  of  mica.  Contains  also  garnets.  Under  the  micro- 
scope, thin  sections  show  a  mass  of  intimately  crystalline  quartz, 
with  some  orthoclase  felspar  so  fresh  and  colourless  as  to  resemble 
adularia.  The  nearly  colourless  monochromatic  mica  is  here  the 
predominant  one,  and  is  in  larger  groups  and  laminae  than  in  any  of 
the  other  rocks  examined.  Minute  doubly  refracting  crystalline 
grains,  of  a  pale  straw-yellow  colour,  are  also  present  These  I 
regard  as  sphene. — T.D.] 

[Note  26. — A  fine-grained,  grey  rock,  with  mica  evenly  dis- 
tributed. In  transverse  section,  the  foliation  is  not  striking.  The 
quartz  here  is  very  intimately  crystalline,  grouped  in  wavy  bands, 
rudely  lentiform,  or  lengthened  in  the  direction  of  the  banding. 
Felspar  is  almost  absent,  but  for  a  few  crystals  or  crystalline  grains 
of  a  plagioclase.  llie  mica  is  principally  biotite,  though  a  few  large 
lenticular  groups  of  muscovite  are  present.  It  does  not  form  con- 
tinuous bands,  but  is  intermittent  in  its  foliation.  Sphene  is  in  very 
minute  crystals,  with  garnet. — T.  D.] 

[Note  27. — This  is  a  very  micaceous  rock,  with  small  lentiform 
quartzo-felspathic  nests,  resembling  an  augen-gneiss.  It  contains 
many  garnets.  A  thin  section  shows  the  quartz  and  felspar 
(plagioclase)  to  be  intimately  crystalline,  both  very  clear.  The 
predominant  mica,  biotite,  is  in  well-defined  bands  of  very  distinct 
crystal  groups,  and  is  sometimes  interlaminated  with  and  also 
incloses  the  muscovite. — T.  D.] 

[Note  28. — A  medium-grained  crystalline  mass  of  hornblende, 
with  a  brown  mica,  and  much  crystalline  yellow  sphene.  Foliation 
is  not  very  distinct,  and  is  chiefly  indicated  by  the  lie  of  the  mica. 
The  microscope  disclosed  a  mass  of  distinct  crystals  of  a  green 
hornblende  with  clear  quartz,  which,  besides  being  interstitial,  is 
also  inclosed  in  the  hornblende,  a  dark  brown  dichroio  mica,  and 
sphene  crystals  throughout     Felspar  is  not  discernible. — ^T.  D.] 
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In  walking  over  thesQ  mountains  in  all  directions,  I  did  not  find  a 
Bingle  spot  where  the  rocks  were  not  completely  crystalline,  and  the 
Tertical  thickness  traversed  over  must  have  been  very  great.  Thei*e 
was  no  evidence  of  a  selective  metamorphism,  but  all  were  equally 
affected.  The  mica  schists,  the  true  gneisses,  and  the  hornblende 
rocks,  all  equally  proved  that  we  had  here  no  partial  change  due  to 
some  local  cause,  but  a  universal  state  of  crystallization,  such  as  could 
only  have  been  induced  by  a  wide-spreading  cause. 

Looking  at  the  physical  as  well  as  the  petrological  evidence 
furnished  by  these  mountains,  I  have  no  hesitation  whatever  in 
claiming  for  the  rocks  composing  them  a  Pre-Cambrian  age,  and  I 
believe,  moreover,  that  they  can  be  correlated  in  almost  every  par- 
ticular with  the  so-called  fundamental  rocks  along  the  west  coast, 
especially  with  those  exposed  about  Gaerloch.  The  petrological 
notes  by  Mr.  Davies  will  enable  all  to  realize  the  present  condition  of 
the  chief  varieties  in  each  area,  and  if  a  comparison  is  made,  it  will 
be  at  once  apparent  that  whatever  their  primary  condition  may  have 
been,  the  rocks  in  these  central  mountains  have  undergone  a  state  of 
metamorphosis  equal  in  every  respect  in  its  intensity  to  that  in  the 
rocks  along  the  west  coast  The  presence  of  such  distinct  minerals 
as  garnet,  sphene,  etc.,  in  nearly  all  these  crystalline  rocks,  and  their 
absence,  except  occasionally  in  a  fragmentary  condition,  in  those  which 
have  not  undergone  this  change,  is  highly  important  evidence,  being 
indeed  to  the  petrologist,  what  fossils  are  to  the  palaBontologist. 
The  state  of  all  the  minerals,  rather  than  the  preponderance  of  any, 
must  perhaps  be  taken  into  consideration  chiefly  in  these  inquiries  ; 
but  in  addition  there  can  be  no  doubt  that  the  actual  development  of 
minerals  which  could  not  have  been  present  in  the  sediments, 
each  as  sphene,  garnet,  etc.,  in  tolerably  regulated  proportions,  is 
evidence  clearly  of  the  utmost  value  in  any  attempt  at  correlating 
the  metamorphic  rocks  of  different  areas. 

[Pbtkologioal  Remarks. — In  the  foregoing  paper  it  will  be  seen 
that  no  rock  has  been  regarded  as  a  gneiss  which  did  not  contain  the 
minerals  quartz  and  one  or  more  felspars,  in  an  intimately  crystalline 
condition.  It  may  be  observed  also  that  the  minerals  sphene  and 
garnet  have  been  found  to  be  almost  universally  present  in  rocks  of 
this  type  from  this  area,  the  former  being  frequently  abundant.  The 
term  schist  has  been  restricted  to  those  rocks,  deficient  in  quartz 
but  rich  iu  mica,  in  which  the  quartz  appears  to  have  parted  with  its 
detrital  character,  and  the  crytalline  grains  have  become  so  moulded 
together  that  even  with  the  aid  of  polarized  light  it  was  found  difficult 
to  determine  the  original  boundaries  of  individual  grains. 

Comparing  the  rocks  of  Gaerloch  and  Loch  Maree  (Notes  1 — 8), 
with  those  of  Ben  Fyn  (Notes  21 — 28),  the  same  intimate  crystalliz- 
ation of  the  quartz  and  felspar  is  apparent  which  is  characteristio 
of  the  true  gneisses,  with  a  similar  variability  in  the  proportions  of 
these  constituents.  They  are  also  characterized  by  the  presence  of 
the  minerals  sphene  and  garnet,  which  also  vary  in  amount.  The 
former  is  of  a  pale  yellow  colour  and  in  distinct  crystals,  is  more 
aboudant  in  the  mica  bands ;   the  latter  is  frequently  exceediu^l^ 
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pale  in  colour,  often  colourless,  and  is  recognized  in  thin  section  by  its 
crystal  outline  and  the  absence  of  double  refraction.  It  is  probably  a 
lime-alumina  garnet,  and  is  more  evenly  distributed  than  the  sphene. 

Amongst  the  rocks  from  Ben  Fyn  I  found  none  which  could  be 
grouped  with  those  described  in  Notes  15 — 20,  of  the  upper  series,  the 
nearest  approach  to  the  most  highly  altered  of  which  being  a  specimen 
from  Gaerloch  (Note  1),  and  some  fragments  from  the  conglomerate 
from  that  neighbourhood ;  though  in  these  cases  the  crystallization  is 
still  more  distinct  than  in  any  of  those  of  the  newer  series,  whilst  the 
presence  of  both  sphene  and  garnet  serves  to  show  its  true  relations. 

The  foliation  of  the  gneisses,  although  rendered  more  distinct  by 
the  presence  of  the  mica  bands,  is  by  no  means  wholly  dependent 
upon  the  parallel  arrangement  of  the  laminae  of  this  constituent,  this 
character  being  often  contributed  to  in  a  marked  degree  by  the  form 
of  the  quartz  in  the  quartzo-felspathic  bands  (v.  Notes  2  and  7).  On  the 
contrary,  the  schistosity  of  the  quartzites  of  the  upper  series  (often 
miscalled  gneiss)  is  entirely  due  to  this  parallelism  of  the  mica  flakes, 
the  remainder  of  the  rock,  even  where  felspar  is  present,  showing  few 
or  no  indications  of  the  foliation  of  the  gneiss.  Sphene  very  rarely 
occurs  in  the  quartzites  (however  micaceous),  both  this  and  the 
garnet  being  always  fragmentary. 

The  bands  of  hornblende  rocks  in  the  gneiss  from  Ben  Fyn  are 
closely  similar  to  those  of  Oaerloch  and  from  other  western  areas 
which  I  have  examined,  and  they  contain  abundance  of  sphene.  It 
may  be  noted  en  passant  that  many  of  the  rocks  hitherto  designated 
hornblende-gneisses  contain  no  trace  of  hornblende,  the  black  mica 
having  probably  been  mistaken,  in  the  majority  of  cases,  for  this 
mineral.  That  it  occasionally  occurs  there  can  be  no  doubt ;  but  it 
does  not  appear  to  be  in  any  way  a  characteristic  of  the  gneisses  of 
this  area. 

The  intergrowth  of  biotite  and  muscovite  observed  in  one  of  the 
specimens  from  Ben  Fyn — recalling  to  mind  the  not-infrequent 
interlamination  of  two  species  of  chlorite — was  new  to  me  ;  but  I 
have  since  found  that  Zirkel  has  called  attention  to  such  an 
occurrence  in  an  Archssan  gneiss  from  the  Ogden  Caiion, 
Wahsatch    Mountains,  Utah,  U.S.A.*— T.D.] 

General  Conclusions. 
The  evidence  given  tends  to  show  conclusively  that  a  floor  of 
Pre-Cambrian  rocks  can  be  traced  almost  continuously  along  certain 
lines  from  the  west  coast  to  the  central  mountains  of  Ross-shire. 
That  it  attains  in  some  cases  to  heights  of  over  3000  feet  above  the 
present  sea-level,  whilst  at  others  it  descends  to  that  level,  and  even 
below  it.  It  has  a  very  uneven  surface,  but  the  main  depressions 
are  along  well-defined  lines.  The  most  marked  being  those  which 
trend  in  lines  from  N.E.  to  S.W.  In  these  depressions  newer  sedi- 
ments have  accumulated,  chiefly  rather  shallow-water  deposits,  and 
such  as  would  be  derived  by  the  denudation  of  the  rocks  composing 
the  floor.    Some,  however,  there  are  like  the  limestones,  which  must 

^  Microscopical  Petrography,  F.  Zirkel,  p.  24. 
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liave  been  derived  chiefly  from  organic  life,  in  a  quiet  and  somewhat 
deeper  sea.  The  condition  of  the  rocks  composing  the  floor  at  the 
time  is  clearly  indicated  in  the  fragments  plentifully  found  in  the 
newer  deposits.  These  show  clearly  that  when  broken  off  the  rocks 
must  have  been  not  only  indurated  but  crystalline,  and  that  since 
that  time  little,  if  any,  further  change  has  taken  place  in  them. 
The  faults  which  occur  are  mainly  in  two  directions,  viz.  from 
N.E.  to  S.  W.  and  from  N.W.  to  S.E.,  and  the  lochs,  lakes,  and  valleys 
usually  follow  the  lines  of  these  faults.  Probably  the  main  anti- 
clinal axis  of  the  old  rocks  in  the  neighbourhood  under  consideration 
occarB  nearly  in  the  line  of  Loch  Maree.  The  deeper  beds  being 
found  along  both  sides  of  that  lake,  and  the  higher  at  Ben  Fin  and 
Mulart  on  the  one  side ;  and  about  Gaerloch  on  the  other.  Numerous 
minor  folds  of  course  are  seen,  but  this  seems  to  be  the  main  one. 

The  petrological  evidence  tends  further  to  show  that  the  newer 
rocks,  even  when  partially  altered  by  contact  with  intrusive  roclcs^ 
or  otherwise,  never  properly  assume  the  character  of  the  old  rocks, 
and  that  the  difference  between  them  is  easily  recognizable  under  the 
microscope. 

In  addition,  evidences  of  an  entire  discordance  in  strike  in  the 
beds,  and  of  having  suffered  very  unequally  from  the  physical 
changes  which  have  affected  the  crust,  are  also  usually  most  marked. 

In  attempting  to  correlate  the  Pre-Cambrian  rocks  of  these  areas 
with  those  of  Wales  and  elsewhere,  we  can  at  present  only  say 
definitely  that  the  physical  and  mineral  evidences  tend  to  associate 
them  with  the  Dimetian  rocks.  The  thickness  here  is  probably 
greater  than  in  any  area  in  Wales,  and  there  is  therefore  a  greater 
variability  in  their  character. 

Whether  they  all  belong  to  one  conformable  series  is  also  a 
question  of  considerable  importance.  It  may  be  that  in  the  centre  of 
the  axis  along  Loch  Maree  an  older  formation  is  found  than  at  the 
other  points  mentioned.  We  may  here  have  the  Lewisian  exposed, 
and  a  gradual  passage  between  the  two  formations ;  whilst  on  the 
other  hand  it  is  not  impossible  that  even  here  they  may  be  uncon- 
formable, as  in  other  areas,  to  one  another. 

In  conclusion  it  is  perhaps  even  now  not  too  much  to  say  that  the 
same  general  results  met  with  here  are  not  only  likely  to  be  obtained 
by  explorations  along  other  lines  to  the  N.  and  S.,  but  highly  pro- 
bable from  much  of  the  evidence  already  accessible. 

V. — Notes  on  thb   History   and  Comparative  Anatomy  of  the 

Extinct  Carnivora. 

By  P.  N.  B08E,  B.Sc.  (Lond.),  F.G.S. 

(Continued  from  p.  207.) 

THE  dentition  of  Gymnura,  an  existing  Insectivorous  Mammal, 
may  with   advantage  be  compared  with  that  of  the  Eocene 
Carnivora.     The  dental  formula  of  Gymnura  is  typical : — 

.    3-3        1-1  4-4  _    3-3  __   .^ 

*•  3:3 ''  r-i  ^''''  4I4  ^-  rr,  -  44. 

The  only  other  existing  Mammals  wliich  have  4.4  t^^Wi  «iX^  SJaa 
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Pigs  nnd  the  Moles.  But  in  Eocene  times,  this  number,  as  first 
noticed  by  Professor  Owen,  was  tbe  rule,  instead  of  being  the 
exception. 

(A.)  Upper  Jaw, — In  Gymnura  the  first  two  molara  (m.  I  and 
m.  2)  are  each  composed  of  four  tubercles  interconnected  by  ridges, 
the  ridge  connecting  the  postero-extemal  with  the  corresponding 
internal  tubercle  being  oblique  and  swelling  about  half-way  into  a 
small  mammillon,  as  in  the  Pliolophus  of  Prof.  Owen.  The  last 
molar,  which  is  the  smallest,  has  become  subtriangular  by  the 
reduction  of  the  postero-intemal  tubercle.  This  process  of  reduc- 
tion has  not  been  carried  so  far  in  the  last  false  molar  (pm.  4),  the 
homologue  of  the  sectorial  tooth  of  the  Camivora.  It  is  the  largest 
premolar ;  the  anterior  of  the  two  external  cusps  is  developed  at  the 
expense  of  the  posterior  one,  the  former  being  the  most  elevated  in 
the  entire  molar  series.  It  inclines  slightly  backwards,  is  mapped 
off  by  a  small  notch  from  a  rudimentary  accessory  cusp  in  front,  and 
descends  posteriorly  into  a  low  horizontally  extended  portion  (the 
representative  of  the  posterior  outer  tubercle).  Of  the  two  inner 
tubercles,  the  posterior  is  smaller  than  the  anterior.  In  premolar  3, 
the  former  has  aborted  altogether ;  this  tooth  is  composed  of  a  large 
pointed,  trihedral,  external  cusp  (similar  to  the  corresponding  cusp  of 
pm,  4),  with  a  rudimentary  anterior  accessory  cusp  in  front  and  the 
remains  of  the  posterior  tubercle  behind  ;  there  is  only  one  internal 
tubercle,  so  that  the  tooth  is  three-fanged.  There  is  nothing  remark- 
able in  the  remaining  teeth,  except  that  the  canine  is  two-fanged, 
conical,  and  curved  inwards.  If  this  tooth  became  one-fanged, 
sharper,  longer,  and  more  trenchant,  as  in  Centetes,  we  would  have 
the  typical  canine  of  the  Garni vora.  If,  as  in  the  Moles,  Hedgehogs, 
etc.,  the  antero-internal  tubercle  of  the  third  premolar  (which  has 
the  form  of  a  sectorial)  aborted  altogether,  we  would  get  the  corre- 
sponding false  molar  of  the  Camivora.  The  fourth  premolar  of 
Gymnura  is  hardly  distinguishable  from  the  sectorial  of  Procyon^  one 
of  the  Suburstda,  If  the  inner  and  hinder  tubercle  vanished 
entirely,  as  it  does  in  Talpa,  GUsorex^  Ericulus,  Centetes,  etc.,  the 
tooth  would  assume  the  form  of  the  normal  sectorial  of  the 
Camivora.  A  similar  modification  in  the  first  and  second  molar 
teeth  would  give  us  a  series  of  three-fanged  teeth,  triangular  in 
section,  with  two  outer  lobes  and  an  inner  tubercle.  Such  a  suc- 
cession of  "  sectorials  "  is  presented  by  so  many  Insectivores,  that  it 
may  be  considered  to  be  the  normal  condition  in  that  order.  And  it 
is  very  strange,  indeed,  that  eminent  comparative  anatomists  have 
failed  to  find  a  parallel  for  a  similar  modification  of  the  molar  teeth 
in  the  Eocene  Carnivores,  except  amongst  the  Didelphia,  The 
hintlermost  molar  is  very  variable  in  form  and  size  in  the  order  of 
the  Insectivora ;  it  is  small  and  transverse  in  Erinaceus. 

All  the  Eocene  Camivores,  with  one  or  two  exceptions,  have  seven 
molars  on  each  side  of  the  upper  jaw.  The  incisors  are  always  three  in 
number,  as  in  the  typical  Carnivora ;  in  the  Aplacental  flesh-eaters, 
on  the  other  hand,  the  number  of  incisors  is  invariably  more  than 
three.     In   Arctocyon,  the  sectorial,  as  may  be  infened   from  its 
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remains,  nv^as  of  moderate  dimenBions ;  the  three  molars,  which  are 
all  well  preserved,  are  constructed  on  essentially  the  same  pattern 
as  the  corresponding  teeth  of  Oyrwh'wa,  In  Amphicyon  the  sectorial 
is  better  developed,  and  the  length  occupied  hy  the  molar  series 
behind  the  sectorial  proportionately  lessened ;  first  by  diminution 
iQ  size  of  the  hindermost  molar;  and,  secondly,  by  the  first  and 
second  molars  losing  their  primitive  quadrangular  structure,  and 
becoming  longer  transversely  than  antero-posteriorly.  In  Cynodon  the 
sectorial  is  still  more  differentiated  than  in  Amphicyon,  and  the 
space  occupied  by  the  true  molars  correspondingly  shortened,  the 
last  molar  being  altogether  absent  in  some  species  constituting  the 
subgenus  Oynodidis,  The  upper-jaw  teeth  of  Arctoycon,  Amphicyon^ 
and  Cynodon,  besides  agreeing  in  number  and  general  form  and  arrange- 
ment, have  this  important  point  of  resemblance  in  common,  viz. 
that  there  is  one  tooth  more  or  less  differentiated  as  a  flesh-cutting 
tooth,  and  that  the  three  teeth  behind  it  preserve  more  or  less  of 
their  primitive  structure,  and  may  be  properly  called  "  tuberculous." 
But  in  Proviverra,  Hyenodon,  and  Pterodon  of  the  European  Eocene, 
and  Ambhetonus,  Ozyrnna,  and  Stypolophus  of  the  Lower  Eocene  of 
New  Mexico,  there  is  a  succession  of  three  or  four  similar  teeth  having 
the  form  of  the  sectorial.  In  Ambloctonus  all  the  three  true  molars 
have  this  form ;  in  Froviverra,  as  well  as  Stypolophus,  the  hinder- 
most  molar  has  become  transverse;  and  Oxytena  differs  from 
Stypolophus  (=  Proviverra)  only  in  having  one  molar  less.  The 
upper-jaw  teeth  of  Pterodon  and  Hyenodon  are  constructed  on  the 
same  type  as  those  of  Proviverra,  only  the  last  molar  is  propor- 
tionately more  reduced  in  size  in  Pterodon,  and  is  generally  absent 
in  Hyenodon.^  The  presence  of  several  "sectorials"  has  been  re- 
marked by  Prof.  Gaudry  to  be  '*  peculiar  to  the  Marsupials."  But, 
as  we  have  noticed  above,  it  is  very  common  amongst  the  Insecti- 
vores  (e.g.  Talpa,  Centetes,  OliBorex,  etc.).  There  is,  however,  one 
fatal  objection  to  the  institution  of  a  comparison  between  the  molars 
of  the  Eocene  Carnivores  mentioned  above  and  those  of  Thylacine 
or  Dasyure ;  and  that  objection  will  bo  noticed,  after  we  have  ex- 
plained the  most  important  points  in  the  dentition  of  the  lower  jaw. 
(J5.)  Lower  Jaw, — In  Gymnura,  the  incisors  are  smaller  than  in 
the  upper  jaw,  and  the  canine  proportionately  larger,  stronp^er,  and 
more  recui'ved,  attaining  in  Centetes,  as  in  the  upper  jaw,  the  typical 
lorm  and  dimensions  of  the  Carnivora.  The  premolars  are  conical 
and  trenchant ;  the  first  two  are  small  and  (simple,  the  third  and 
fourth  considerably  larger,  and  the  latter  with  rudimentary  anterior 
and  posterior  cusps.  The  true  molars  are  all  quadricuspidate,  de- 
creasing in  size  from  the  first  to  the  third.  The  structure  of  the 
first  molar  is  most  instructive.  The  anterior  pair  of  cusps  is  more 
elevated  than  the  posterior ;  the  cingulum  from  the  external  border 
of  the  tooth  is  produced  forward  and  inward,  and  the  cinjj^lum  from 
the  internal  border  is  slightly  produced  so  as  to  meet  its  fellow  from 

'  Prof.  Gerrais  {op.  eit.  p.  232)  is  of  opinion  that  tluTC  is  a  very  Rmull  molar 
behind  m.  2  in  If.  leptorhynchus. 
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the  outer  border,  in  front  of  the  anterior  pair  of  onsps  in  the  inter- 
space  between  them.  The  point  in  which  they  meet  is  slightly 
elevated  ;  if  it  were  better  developed  (as  it  is  in  Bkynchoeif<m 
and  Centetes),  the  tooth  would  asfinme  the  form  of  a  typical  lower 
camassial.  The  two  posterior  tuberoles  with  the  space  intervening 
between  them  and  the  anterior  pair  would  form  the  "  heel,'*  and  the 
two  anterior  cusps  with  the  accessory  cusp  in  front  the  strictly 
"camassial"  part.  It  may  be  observed  that  the  development  of 
this  cusp  is  inversely  proportional  to  that  of  the  antero-intemal 
cusp  and  to  the  tubercular  part  behind  (the  "  heel ") ;  and  in  the 
Felida,  in  which  the  anterior  accessory  cusp  is  best  differentiated, 
the  representative  of  the  primitive  antero-intemal  cusp  (present  in 
the  Canida,  Viverrida,  etc.)  as  well  as  the  "heel"  disappear  alto- 
gether. The  two  hinder  molars  of  Gymnura  are  similar  in  form  to 
the  fii*st  molar.  The  molars  of  all  other  Insectivora  are  constructed 
on  the  same  type  as  those  of  Gymnura ;  and  they  may  be  regarded 
as  a  series  of  three  more  or  less  specialized  structunJly  "  camas- 
sial '*  teeth,  the  degree  of  specialization  varying  greatly  from  Condf' 
lura  cristata, — in  which  both  the  original  outer  cusps  are  of  the  same 
height  and  equally  pointed,  so  that  there  is  no  distinction  between 
the  ''  camassial "  and  the  "  tubercular"  portion, — to  Cenieies,  in  which 
the  heel  is  very  short  and  very  low. 

Of  the  Eocene  Camivora  our  knowledge  of  the  lower  teeth  of 
Arciocyon  is  very  imperfect.  Falaonictis,  as  well  as  Didymietis, 
have  four  premolars  and  two  molars  on  each  side,  as  in  Viverrcu 
Cynodon  and  TJintcLcyon  have  each  one  molar  more,  as  in  Cani», 
TJintncyon  has,  besides,  one  premolar  in  excess.  There  is  one  very 
important  peculiarity  common  to  these  forms.  In  the  existing 
Carnivores,  in  the  lower,  as  well  as  in  the  upper,  jaw,  only  one  tooth 
is  differentiated  as  a  "  camassial "  ;  if  it  is  followed  by  any  other 
teeth,  these  are  structurally  strictly  "tuberculous,"  as  they  are 
functionally  true  grinders.  But  in  the  genera  just  mentioned,  the 
second  molar  (and  in  the  case  of  Uinlacyon,  the  third  also)  is 
the  exact  counterpart  of  the  first.  In  Palaonictis,  both  the  molars 
are  composed  of  three  pointed  cusps  in  front,  and  a  "  heel "  behind, 
the  back  molar,  however,  being  smaller,  and,  so  to  say,  less  "  car- 
nassial "  than  the  first.  Didymictis  of  Cope  agrees  so  closely  with 
Palaonictis,  in  the  number  as  well  as  the  form  of  the  teeth,  that  the 
former  may  be  conveniently  affiliated  with  the  latter.  In  Cynodon^ 
the  second  molar  is  proportionately  much  smaller  than  the  corre- 
sponding tooth  in  PalcBonictis ;  nevertheless,  as  in  the  latter,  it  is  a 
miniature  of  the  first  molar.  M.  Gaudry,  remarking  on  this  feature 
of  the  molars  in  Falceonietis,  says,  that  it  is  not  met  with  amongst 
the  Placentals,  and  that  it  is  peculiar  to  the  Marsupials.^  He 
compares  the  teeth  in  question  to  those  of  a  species  of  Dasyure. 
But  in  this  genus  the  second  molar  is  larger  and  better  differentiated 
than  the  first ;  whereas,  it  is  just  the  reverse  in  Falaonictis,  The 
resemblance  of  the  molars  of  Falaonictis,  or  of  the  first  two  molars 
of  Cynodon,  to  the  corresponding  teeth  of  some  Insectivores,  as,  for 

^  op,  eit.  p.  19. 


p.  N.  Bo8e — Hiatory  of  the  Extinct  Carnicora.  275 

nstanoe,  Glisorex  fsrrugtneus,  is  striking ;  at  the  same  time  such  a 
mw  would  not  be  open  to  the  objection  just  raised,  for  in  the 
bsectlTora  the  molars  very  generally  decrease  in  size  and  differentia- 
tion from  the  first  to  the  third.  Amphicyon  has  seven  molars  on  each 
nde  like  Cynodon ;  the  lower  camassial  is  well  specialized,  and  the 
back  molars  assume  the  normal  **  tuberculous  "  form. 

Exceptional  as  the  molars  of  Falceoniciis,  Oynodan,  and  Uintacyon 
are,  those  of  Praviverra,  Hyenodon,  Pterodon,  Ambloctontu,  Stypo- 
lophtis,  and  Oxyana,  are  doubly  exceptional.  In  these  eight  genera, 
to  the  peculiarity  of  a  succession  of  camassials,  is  added  that  •f 
increase  in  differentiation,  and  very  generally  also  in  size,  from  the 
homologue  of  the  normal  flesh-cutting  tooth,  to  that  of  normally  the 
most  '' tuberculous,"  and  generally  the  smallest  molar.  In  Pro- 
viverra,  the  three  molars  increase  rapidly  in  size  from  the  first  to  the 
Uiird;  each  is  composed  of  three  pointed  cusps  and  a  horizontal 
**  heel."  And  it  is  interesting  to  note  that  the  first  molar,  in  which 
the  primitive  antero-extemal  and  the  accessory  cusp  in  front  are  the 
least  differentiated,  has  the  "heel"  best  developed.  In  the  last 
molar  both  these  cusps  are  developed  in  the  form  of  a  blade,  some- 
what as  in  Hyenodon,  and  the  ''heel,"  at  the  same  time,  becomes 
most  insignificant.  The  second  molar  beautifully  presents  an  inter- 
mediate condition.  The  Stypolophus  of  Cope  differs  but  slightly 
from  Proviverra,  and  I  propose  to  incorporate  the  former  with  the 
latter.  Oxyana  differs  from  Proviverra  only  in  having  two  molars 
instead  of  three.  In  Amhloctonus  the  first  two  molars  are  subequal, 
and  the  last  molar  is  a  little  smaller.  But  the  latter  is  the  most 
trenchant  and  best  differentiated,  the  blade  being  very  much  like 
that  of  Syenodon.  If  in  each  of  the  three  molars  of  Proviverra  the 
posterior  and  inner  denticule  (the  representative  of  the  original 
antero-intemal  cusp)  be  entirely  suppressed,  the  anterior  accessory 
cusp  better  developed,  so  as  to  form  with  the  primitive  antero- 
extemal  cusp  a  blade-like  tooth,  and  the  ''heel"  correspondingly 
reduced,  we  would  have  as  a  result  the  molars  of  Pterodon,  The 
Btep  from  Pterodon  to  Hyenodon  is  very  easy.  If  in  the  former  the 
teeth  became  more  trenchant,  the  anterior  accessory  cusp  still  more 
differentiated,  and,  as  a  necessary  consequence,  the  *'  heel "  all  but 
non-existenty  we  would  have  the  teeth  of  Hyenodon,  This  progres- 
sive modification  from  Proviverra  to  Hyenodon  is  not  simply  a  matter 
of  speculation.  In  America  remains  of  Proviverra  have  been  met 
with  in  beds  which  are  honiotaxial  with  the  Woolwich  and  Reading 
beds  of  England  and  the  "  Lignites  du  Soissonais  "  of  France.  In 
Europe  Proviverra  has  been  found  associated  with  Pterodon  in 
Middle  Eocene  deposits  of  the  same  ago  as  the  Bracklesham  Series 
of  the  Hampshire  basin.  Hyenodon  appears  at  the  commencement 
of  the  Upper  Eocene  (or  Oligocene)  Period,  being  first  met  with 
in  the  Herd  well  beds  (Barton  Clays).  Both  Proviverra  and  Pterodon 
die  out  at  the  commencement  of  the  Miocene  Period.  Hyenodon  held 
oat  much  longer,  living  into  the  Middle  Miocene. 

Our  knowledge  of  the  teeth  of  Patriofelis  and  Sinopa  is  very 
imperfect     We  are  not  much  more  fortunate  with  the  deuWWow  ol 
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either  Mesanyx  or  Synoplotherivm.  The  upper  teeth  of  none  of 
these  genera  are  known,  except  the  incisors,  canines,  and  two  pre- 
molars of  Synoplotherium.  They  all  agree,  however,  in  not  having 
any  one  tooth  in  the  lower  jaw  differentiated  out  as  the  aeotorial ; 
they  all  have  a  series  of  flesh-cutting  teeth.  But  the  exact  form  of 
these  is  not  yet  known. 

The  nearest  approximation  to  the  teeth  of  the  Proviverroid  and 
Hyenodont  forms  in  the  group  of  the  Inseotivora  is  presented  hy 
Centetes,  the  molars  of  which  are  similar  in  form,  slightly  increase 
ill  size  from  the  first  to  the  third,  and  are  constructed  on  essentially 
the  same  type  as  the  molars  of  Provtverra — there  are  three  pointed 
cusps  in  front  and  a  horizontal  heel  behind ;  and  the  step  from 
Provtverra  to  Hyenodon  and  Fierodcn  is  an  easy  one.  There  is  no 
doubt  that  the  teeth  of  these  two  last-mentioned  genera  have  a 
striking  resemblance  to  those  of  Thylaeinus,  though  there  are 
important  points  of  difference  with  regard  to  the  form  of  the 
teeth,  etc.  There  is,  however,  one  serious  objection  to  the  affiliation 
of  the  Hyenodonts  with  the  Didelpkida,  M.  H.  Filhol'  has  been 
fortunate  in  obtaining  several  beautifully  preserved  specimens 
showing  the  replacement  of  the  deciduous  by  the  permanent  teeth. 
In  the  upper  jaw  four  permanent  molars  (behind  the  let  inn.) 
succeed  as  many  milk  ones  ;  and  in  the  lower  jaw  all  the  teeth  of 
the  adult  dentition,  except  the  hindermost  camassialy  have  prede- 
cessors ;  so  that  according  to  their  development  there  are,  strictly 
speaking,  5  premolars  in  the  upper,  and  6  in  the  lower  jaw. 
Though  such  a  large  number  of  what  must  be  regarded  as  false 
molars  is  somewhat  exceptional  amongst  the  Placentals  (certainly 
among  the  Carnivores),  the  deciduous  dentition  of  Hyenodonts  is 
quite  unlike  what  obtains  in  the  Marsupialia, 

In  these,  as  has  been  shown  by  Prof.  Flower,  only  one  tooth  of 
the  permanent  dentition  (pm.  8)  has  a  predecessor. 

(0.) — Summary. — The  results  of  this  section  may  be  summarized 
as  follows : — 

1.  That  starting  from  the  Arctocyon,  the  most  primitive  Carnivore 
known  to  us,  we  have  two  divergent  series,  one  comprising 
Falaonictisy  Amphicyon  and  Cynodon ;  and  the  other,  Provtverra, 
Hyenodon,  Pterodon,  Amhloctontis,  OxycBna,  and  probably  also  Synoplo' 
thertuniy  Mesonyx,  PatriofeliSy  and  Sinopa, 

2.  That  the  first  of  these  two  series  approach  in  the  form  of  their 
teeth  the  typical  Camivora,  of  which,  as  we  shall  try  to  show  here- 
after, they  were  the  ancestors. 

3.  That  the  second  series  formed  an  exceptional  group  of  Carni- 
vores, of  which  Hyenodon  was  the  last  and  most  highly  organized 
form. 

4.  That  the  peculiarities  in  the  dentition  of  the  Eocene  Carnivores 
can  be  most  consistently  explained  by  observing  the  modifications 
in  the  dentition  of  the  Insectivora. 

§  3. — Brain  and  Osteology. 
As  a  very  general  rule  the  brain  cavity  of  the  Eocene  Carnivores 

^  op,  eit.  p.  169. 
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was  comparatively  email.  The  struoture  of  the  brain  in  the  great 
majority  of  them,  as  made  out  from  ocuts  either  natural  or  artifioial» 
presents  some  singular  points  of  departure  from  the  typical  Camivora. 
In  Arctoeyon  primavus,  aooording  to  P/of.  G^rvais,^  the  cerebellum  is 
completely  exposed;  the  cerebral  hemispheres  are  proportionately 
very  small;  the  olfactory  lobes  are  very  well  developed,  thicker 
than  the  anterior  part  of  the  cerebral  hemispheres,  and  proportion- 
ately  longer  than  in  any  normal  Carnivore.  It  is  only  with  the 
Marsupials,  remarks  the  learned  anatomist,  that  the  brain  of  the 
Arctoeyon  could  be  compared.  The  brain  of  Proviverra  is  not  much 
more  highly  organized ;  and  this  is  what  chiefly  reveals  to  M. 
Gkiudry  its  Marsupial  affinities.'  But  I  have  only  to  quote  the 
following  from  Prof.  Huxley's  description  of  the  brain  of  such  a 
familiar  Insectivore  as  the  Hedgehog,  in  order  to  show  that  the  low 
type  of  brain  in  Arctoeyon,  Proviverra,  etc.,  has  a  parallel  also 
amongst  the  Placentals : — 

'*  The  brain  of  the  Hedgehog  is  remarkable  for  its  low  organiza- 
tion. The  olfactory  lobes  are  singularly  large  and  are  wholly  un- 
covered by  the  cerebral  hemispheres  ;  which,  on  the  other  hand,  do 
not  extend  back  sufficiently  far  to  hide  any  part  of  the  cerebellum. 
Indeed  they  hardly  cover  the  corpora  quadrigemina.  Only  a  shallow 
longitudinal  sulcus  marks  the  upper  and  outer  surface  of  each 
hemisphere." ' 

The  brain  of  the  ITyenodon  is  much  more  highly  organized,  and 
approaches  the  condition  met  with  in  the  higher  Camivora,  such  as 
the  Felida,*  This  confirms  in  a  remarkable  manner  the  conclusion 
to  which  I  was  led  at  the  end  of  the  last  section,  viz.  that  ITyenodon 
was  the  most  differentiated  form  in  the  peculiar  group  of  Carnivores, 
the  first  link  of  which  as  yet  known  to  us  is  Proviverra, 

The  only  important  points  in  the  osteology  of  the  skull  of  Arc- 
toeyon which  have  been  supposed  to  indicate  its  Marsupial  connexion 
are  the  lateral  expansion  of  the  zygomatic  arches,  and  the  pre- 
sence of  a  pair  of  foramina  in  the  hinder  portion  of  the  palate  noticed 
by  Prof.  Gervais.  The  zygomatic  arches  are  not  proportionately 
wider  in  Ai^tocyon  than  in  the  Hedgehog;  and  the  palatal  vacuities, 
which  would  seem  to  have  afforded  Gervais  and  Gaudry  incontro- 
vertible evidence  of  the  Marsupiality  of  Arctoeyon,  are  by  no  means 
uncommon  among  the  Insectivores  (e.g.  Tupaia,  ErinaeetiSy  etc.) 

Vacuities  in  the  posterior  portion  of  the  palate  have  not  been 
detected  in  any  other  Eocene  Carnivore.  All  the  genera  {Ht/enodon, 
Pterodon,  etc.)  which  have  been  supposed  by  M.  Gaudry  and 
other  anatomists  to  belong  to  the  Didelphia,  or  retain  traces  of  their 
Didelph  origin,  agree  in  not  having  certain  peculiarities  which  are 
essentially  characteristic  of  a  Marsupial  skull.  In  none  is  the  jngal 
so  large   as    to  reach   the   lachrymal  in  front,    and  pass   beneath 

*  "NouYelles  Archives  du  Museum  d'Histoire  Naturelle  de  Paris,"  yoI.  vi.  1870, 
p.  147. 

'  op.  eit.  p.  32.      The  brain  of  Ozyana,  as  well  as  of  Stypofophus,  was  similar  to 
that  of  Arctoeyon  and  Proviverra  (Cope,  op,  eit.  pp.  72  and  107). 
^  "The  Anatomy  of  Vertebrated  Animals/*  p.  447. 

*  GcTTais— "  Nouvelles  Archives,"  1870,  p.  127. 
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the  zygomatic  process  of  the  squamosal  behind.  Tn  Uyenodon 
leptorhynchus  (the  only  species  of  which  the  skall  is  well  preserved) 
the  malars  are  absent ;  but  they  were  evidently  short,  as  inferred  by 
De  Blainville.  In  none  of  the  Eocene  Carnivores  the  angular 
process  of  the  mandible  is  inflected  inwards.  In  none  the  perforation 
of  the  lachrymal  is  upon,  or  external  to,  the  anterior  boundary  of  the 
orbit  The  pterygoid  processes  are  well  developed,  and  generally 
considerably  elongated  posteriorly,  especially  in  Oynodon  (subgenus 
Cynodictis).  In  the  Marsupials,  on  the  other  hand,  these  processes 
are  invariably  small  and  filiform.  The  form  and  arrangement  of 
the  facial  bones  too  are  generally  very  different  from  what  obtains 
among  the  Didelphia.  Even  in  Syenodon,  the  constitution  of  the 
facial  portion  is  such,  that  M.  Filhol  remarks,  that  *'  elle  est  absolu- 
nieut  diff^rente,  et  ne  me  semble  permettre  aucune  rapprochement 
entre  le  camassiers  phosphorites  \_iryenodon]  et  celui  d'Anstralie."  ^ 

The  humerus  of  Areiocyon  is  very  stout  and  strong,  with  the 
deltoidean  crest  very  Isurgely  developed,  and  indicates,  as  suggested 
by  De  Blainville,  an  animal  which  made  great  efforts  with  the 
anterior  members  either  for  digging  or  for  swimming.  It  has  been 
compared  to  the  humerus  of  the  Badger  by  De  Blainville,  and  to  that 
of  Phascolomys  by  Gervais.'  But  if  Areiocyon  resembles  this  Mar- 
supial in  the  structure  of  the  arm,  the  forearm  of  the  former  is  very 
different.  In  the  Didelphia  the  upper  end  of  the  radius  is  invariably 
small  and  rounded.  But  in  Arctoeyon,  as  well  as  in  Uyenodon, 
Pterodon,  Synoplotherium,  etc.,  this  part  is  broad  and  transverse,  as 
in  the  normal  Camivora  and  Insectivora.  The  ulna  of  Arctoeyon, 
thick,  distinct,  prolonged  into  a  long  olecranon,  is  very  much  liko 
that  of  the  Badger,  except,  perhaps,  that  the  former  was  less 
apophysed  than  the  latter.  The  humerus  of  Hyenodon,  besides  the 
great  development  and  inferior  prolongation  of  the  deltoidean  crest, 
is  remarkable  for  the  co-existence  in  it  of  a  supracond3*lar  and  a 
large  supratrochlear  perforation,  as  in  Mydans  (one  of  the  Subursidsd). 
The  arm  and  forearm  of  Amphicyon  have  the  strongest  affinities  with 
t)ie  corresponding  bones  of  the  Bear.  In  Cynodon  too  these  bones 
are  very  much  like  those  of  the  typical  Camivora.  • 

In  the  manus  of  the  European  genera,  so  far  as  known  at  present, 
the  scaphoid  and  lunar  were  united,  as  in  the  typical  Camivora  and 
some  Insectivora,  The  scapho-lunar  of  Amphicyon,  described  by  De 
Blainville  in  A.  major,  differs  but  slightly  from  the  corresponding 
bone  of  the  Bear.  In  a  species  of  Pterodon  in  the  collection  of  the 
British  Museum  I  observed  the  coalesced  scapho-lunar.  In  Cynodon 
too  these  bones  are  united.  With  regard  to  the  American  genera,  we 
have  no  information  concerning  the  scaphoid  and  lunar,  except  in 
the  Synoplotherium  of  the  Bridger  formation,  in  which  Prof.  Oope 
says  that  these  bones  '*  appear  to  be  distinct."  It  would  be,  how- 
ever, too  premature  to  generalize  from  this  doubtful  case  of  an 
extremely  aberrant  form  even  amongst  the  exceptional  Camivora  of 
the  Eocene  Period.  With  one  or  two  probable  exceptions,  the  maniu 
was  provided  with  five  digits ;  and  the  movement  was  either  quite 
1  ep.  eit.  p.  190.  ^  Nouv.  Arch.,  etc  1870. 
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plantigrade  or  subplantigrade  (except,  perhaps,  in  the  case  of  Meaonyx), 
So  far  as  known  at  present,  there  is  nothing  very  exceptional  in 
the  structure  of  the  pelvis  or  the  hind  limbs  of  the  Earopean  genera. 
But  in  the  American  forms  Prof.  Cope  has  described  some  curious 
points  of  departure  from  the  typical  Camivora,  In  all  the  New 
Mexican  genera,  ''the  ilium  has  a  well-marked  external  anterior 
ridge.  The  ilium  has  therefore  an  angulate  or  convex  external  face, 
as  in  Inseciivora  and  Marsupialia,  and  does  not  display  the  usual 
expansion  in  a  single  plane  of  most  of  the  Placentals."  But  the 
strong  tuberosity  present  in  all  the  genera  in  the  position  of  the 
anterior  inferior  spine  is  found  only  in  certain  lusectivores  and 
Lemurs  amongst  existing  Mammalia.  In  Ambloetonua  and  Didymictis, 
the  femur  supports  a  third  trochanter.  This  is  never  the  case  in  the 
Ifar8up%aUa,  In  certain  Insectivoray  on  the  other  hand,  such  as  the 
Hedgehog,  the  third  trochanter,  though  rudimentary,  is  quite  distinct 

As  a  very  general  rule,  the  hind-foot,  like  the  manus,  was  penta- 
dactyle,  and  plantigrade  or  subplantigrade.  Prof.  Cope  has  described 
a  curious  mode  of  tibiotarsal  articulation  in  some  of  the  American 
genera.  The  astragalar  articular  face  of  the  tibia  in  these  "  is  not 
divided  into  two  oblique  fossaa  by  *  a  rounded  crest  which  corresponds 
to  the  groove  of  the  superior  pulley-shaped  face  of  the  astragalus.' 
It  is  uninterrupted,  and  more  or  less  oblique  in  the  transverse 
direction ;   always  so  at  the  posterior  border  ....  The  astragalus 

presents  an   open  angle   upward,   which    separates   the 

superior  from  the  oblique  internal  face.  The  superior  plane  is  flat, 
but  is  interrupted  on  the  posterior  side  by  a  groove." 

In  the  genus  Synoplotherium  Prof.  Cope  found  "  one  of  the  claws 
to  be  broad  and  flat  so  as  to  be  subungulate."  He  has  also  found  a 
similar  ungual  phalange  in  a  New  Mexican  species  of  Carnivore. 

"  The  flat  claws  of  some  of  the  genera,"  remarks  Prof.  Cope,  "  tend 
to  obliterate  the  distinction  between  the  Unguiculate  and  Ungulate 
series,  but  they  are  not  present  on  all  the  digits  of  all  the  species." 

M.  Gandry  describes  an  axis  vertebra  (supposed  by  him  to  belong 
to  a  Hyenodont  animal),  of  which  the  spine  is  highly  elevated;  its 
summit,  instead  of  being  sharp  (as  in  the  Camivora),  is  depressed, 
broad  and  flat  He  compares  it  to  the  corresponding  vertebra  of 
some  Didelphia,  But,  as  noticed  by  Prof.  Huxley,  its  form  is  exactly 
similar  to  that  of  the  axis  of  some  lusectivores,  such  as  the  Hedgehog. 

It  may  be  generalized  from  the  form  and  number  of  the  caudal 
TertebrsB,  discovered  in  some  of  the  forms,  that  all  the  genera  had  a 
long  and  large  tail. 


L — Memoibs  of  the  Geological  Subvey  of  England  and 
Wales.  The  Geology  of  the  Neighbourhood  of  Colchester.  By 
W.  H.  Daxton,  F.G.S.     8vo.  pp.  24     (London,  1880.) 

THE    tract    described    is  embraced    in   Quarter   Sheet  48   S.W. 
of  the  Geological  Survey  Map.      The   London  Clay  extends 
over  the  whole  district,  covered  in  one  or  two  places  by  remnants  of 
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Bed  Crag,  and  in  certain  areas  by  superficial  (Qlacial  and  Post- 
Glacial)  deposits.     The  most  interesting  portions  of  the  work  are 
those  referring  to  the  so-called  Post-Glacial  Beds.     It  is  perhaps 
unfortunate  that  this  term    has  been   used   for  deposits    yielding 
remains  of  Bison,  Elephas   anUquus,  E.  primtgenius,  Felia  spdea, 
HippopotamuB,  Bhinoceros,  etc. ;    for  these  forms  are  so  distinct  from 
those  which  are  known  to  have  inhabited  this  country  in  Post- 
Glacial  times.     It  must,  dierefore,  be  understood  that  the  term  is 
used  to  signify  that  the  deposits  are  newer  than  the  Boulder-clay  of 
the  district.     "  Post-Glacial  "  Beds  are  described  near  Marks  Tey, 
Lexden,  Colchester,  Clacton-on-Sea.    An  Appendix  gives  records  of 
Well-sections,  and  Lists  of  Fossils  revised  by  Mr.  Etheridge.      The 
Avork  has  been  edited  by  Mr.  Whitaker. 


II. — The  Fossil  Fusls  of  Italy,  and  their  Ecovomio  Impobtance. 
By  Chev.  W.  Jervis,  F.G.S..  Keeper  of  the  Royal  Italian 
Industrial  Museum  at  Turin.  Dei  Combustibili  Minerali  d'ltalia, 
e  della  loro  importanza  economica,  etc.  8vo.  pp.  89.  (Turin, 
1879.) 

THIS  account  of  the  combustible  minerals  of  Italy  formed  part  of 
a  long  series  of  Lectures  given  by  the  author  in  1879  at  the 
Turin  Museum  on  mineral  fuel  in  general — from  peat  to  anthracite 
and  graphite — showing  the  slow  and  regular  elimination  of  certain 
gaseous  compounds  contained  in  wood,  leaves,  grasses,  and  such- 
like vegetable  substances,  and  the  various  phases  of  incomplete 
putrefaction  in  presence  of  the  air  and  under  water.  The  influence 
of  pressure, — the  lacustrine  and  littoral  accumulations  of  organic 
matter, — the  function  of  mechanical  impurities,  usually  regarded  as 
the  ash  of  fuel,  but  distinc^  from  the  small  quantity  of  real  olbH 
natural  to  the  vegetable  organism, — the  animal  origin  of  some 
fuels — were  among  the  subjects  treated  of;  but  these  were  not 
included  with  the  technology,  topography,  and  geology  of  the  fossil 
fuels  of  Italy,  which  have  alone  been  chosen  by  the  publishers  for 
this  issue. 

Modest  in  size  and  pretension,  this  little  book  contains  much  that 
is  of  interest  and  useful,  in  a  succinct  form.  After  a  general  account 
of  peat,  lignite,  various  kinds  of  coal,  anthracite,  graphite,  and 
diamond,  the  Palaeozoic  coal  of  the  Alpine  region  of  Italy  is  described 
as  occurring  in  20  communes  belonging  to  the  Provinces  of  Cuneo, 
Turin,  Vicenza,  Belluno,  and  Udine ;  mostly  in  the  first  two  and 
the  last. 

In  the  Apennine  region  coal  occurs  in  six  communes  of  the 
Provinces  of  Genoa  and  Florence ;  and  in  Sardinia  at  Seui  (Cagliari). 

The  Paleeozoic  coal  of  Italy  is  referred  by  Jervis  to  the  Lower 
Carboniferous ;  and  to  this  stage  he  also  thinks  that  the  coal  of 
Toulon  and  Corsica,  on  one  side,  and  that  of  Camiola  and  Styria,  on 
the  other,  also  belong. 

The  Mesozoic  coal  of  the  Alpine  region  near  Verona  is  mentioned; 
and  the  Tertiary  lignites  of  the  Alpine  region  on  the  Tanaro,  and  at 
Leffe  (Bergamo),  Monte  Bolca  and  Yaldagno  (Verona  and  Vicenza), 
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Zovenoedo  and  Mare  (Yioenza),  Soligo  (TreAMSo),  and  on  the  Taglia- 
mento  (Udine),  sacoeed.  Then  come  the  lignites  of  the  Apennine 
regions,  especially  on  the  Rubicone  (Forli),  of  Agnana  (Calabria), 
Cadibona  and  Sarzana  (G^noa),  Ghivizzano  (Luooa),  Upper  Amo 
Valley,  and  others  in  the  districts  of  Florence,  Pisa,  Grosseto,  and 
Sienna ;  also  the  ligpiites  of  Sardinia  and  Sicily.  In  Italy  281  com- 
manes  of  46  Provinces  yield  lignite. 

The  f  reqaent  and  important  peat-beds  of  the  Alpine  and  Apennine 
regions  are  noticed  in  much  detail.  Peat  occnrs  in  198  communes 
of  29  Proyinces  in  the  Kingdom  of  Italy. 

To  geologists  and  others  interested  in  Italy  and  its  mineral 
products,  some  other  works  by  Signer  Gulielmo  Jervis  are  of  great 
ntility, — namely,  his  " Subterranean  Treasures  of  Italy "  ("I  Tesori 
sotterranei  dell'  Italia"),  and  his  *' Guide  to  the  Mineral  Waters  of 
Italy  "  ("  Guida  alle  Acque  Minerali,"  etc.). 

They  have  been  complimented  with  "  Honorable  Mention  "  and  a 
prize  in  Paris  and  Home.  The  author's  English  work  ''On  the 
Mineral  Resources  of  Central  Italy,"  treating  especially  of  the  mines 
and  marbles,  is  almost  out  of  print  now.  Signor  Jervis  is  careful 
in  statement  of  facts,  and  bold  in  his  expressed  views.  He  warns 
his  readers  of  the  fallacy  of  referring  the  increase  of  temperature  in 
springs  to  central  heat.  He  does  not  accept  the  volcanic  origin  of 
the  boracic-acid  lagoons  of  Central  Italy.  He  refers  the  "  gabbro 
rosso  "  of  that  region  to  a  sedimentary  origin ;  and  separates  it  from 
the  "  gabbro "  of  the  Germans,  or  euphotide.  The  non-diallagic 
serpentine  he  regards  as  having  been  derived  in  many  cases  from 
a  metamorphosis  of  the  diallagic  variety.  The  gold  of  Northern 
Italy,  found  in  the  beds  of  certain  rivers,  he  traces  to  its  source  in 
the  pre-Palseozoic  rocks  of  the  Alps,  where  it  occurs  in  minute 
quantities  mechanically  mixed  with  pyrites.  T.  R.  J. 
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I.— April  14,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "On  a  new  Theriodont  Reptile  {Cliorhizodon  orenhurgensis, 
Twelvtr.)  from  the  Upper  Permian  Sandstone  of  KargaliuMk,  near 
Orenburg,  in  South-eastern  Russia."  By  W.  H.  Twelvetrees,  Esq., 
r.L.S.,  F.G.S. 

The  above  measures  are  cupriferous  and  rest  on  limestone  with 
Zecbstein  fossils.  Associated  with  the  remains  of  Saurians  and 
Labyrinthodonts  are  Calamitea,  Lepidodendroiif  Aroidea  erassiapatha^ 
Conifers,  and  a  TJnio,  The  specimen  noticed  in  this  paper  is  appa- 
rently the  dentary  part  of  the  left  mandibular  ramus,  with  the 
crowns  of  a  canine,  an  incisor,  and  ten  of  the  molars.  The  author 
describes  the  characteristics  of  these  and  the  mode  of  implantation 
in  the  jaw,  which  accords  with  that  described  by  Prof.  Owen  in 
Titano9uchuB  ferox.    The  characters  of  this  specimen  resemble  tLo^.^ 
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of  the  genus  Bhapalodon;  but  as  there  are  some  marked  dif- 
ferences, the  author  proposes  to  name  it  Cliorhiwdon  orenburgentU, 

2.  '*  The  Classification  of  the  Tertiary  Period  by  Means  of  the 
Mammalia."  By  Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.8.,  F.GJS., 
Professor  of  Greology  in  Owens  College. 

The  author,  after  some  introductory  remarks  on  the  value  of 
Vertebrata  and  Invertebrata  in  classification,  pointed  out  that  the 
Mammalia  become  of  especial  value  in  the  Tertiary  period  as  under- 
going more  rapid  change  than  the  other  classes,  from  their  being,  as 
it  is  happily  teimed,  en  pleine  Evolution.  He  discussed  the  cha- 
racteristics of  each  of  the  great  periods,  as  defined  and  limited  by 
their  Mammalia,  pointing  out  that  throughout  the  Eocene  these 
frequently  exhibit  relations  more  or  less  marsupial.  Indeed,  it  is 
not  till  the  close  of  the  Lower  Miocene  that  the  traces  of  this 
relationship  are  lost.  In  the  Middle  Miocene,  Sub^  Cervus,  Antilope^ 
Felia,  Lutra,  and  Castor  appear  for  the  first  time,  and  tbe  higher 
Apes  were  present  in  European  forests.  In  the  Upper  Miocene 
Camelopardalisy  Oazette,  Hyoena,  and  Hystrix  appear.  During  the 
Pliocene  several  important  genera  disappear  from  the  world  or  from 
Europe — among  the  latter  the  Apes,  at  the  close  of  the  Upper 
Pliocene.  Oxen,  Horses,  Bears,  and  Elephants  appear.  Great 
changes  took  place  in  the  Pleistocene  ;  seven  species  survived  into  it 
which  are  now  extinct,  and  of  new  comers  there  were  fourteen  living 
and  seven  extinct  species.  Cervtia  megaceros  is  the  sole  survivor 
from  the  Pleistocene  to  the  prehistoric  period  which  has  since 
become  extinct  The  paper  concluded  with  some  remarks  on  the 
latter  part  of  the  first  and  the  second  period,  which,  however,  as 
forming  the  subject  of  previous  notices,  was  treated  more  briefly. 
The  author  remarked  that  a  study  of  the  development  of  the  Mam- 
malia renders  it  hopeless  to  expect  to  find  Man  in  the  Eocene  or 
Miocene,  and  improbable  in  the  Pliocene. 


II.— April  28,  1880.— Kobert  Etheridge,  Esq.,  r.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  *' Description  of  Parts  of  the  Skeleton  of  an  Anomodont 
Reptile  {Platypodosaurus  rohuatus,  Ow.)  from  the  Trias  of  Graaff 
Reinet,  South  Africa."     By  Prof.  Owen,  C.B.,  F.R.S.,  F.G.S. 

The  author  referred  to  certain  Triassic  reptiles  from  South  Africa, 
already  described  by  him,  as  showing  certain  resemblances  to 
implacental  Mammals.  Another  still  more  interesting  indication  of 
such  resemblances  is  furnished  by  some  remains  from  Graaff 
Reinet  received  from  Mr.  E.  J.  Dunn.  These  consist  of  some  thoracic 
vertebrae  with  portions  of  ribs,  a  sternal  bone,  a  scapula,  and  a  right 
humerus,  found  imbedded  in  one  mass  of  rock,  and  of  a  femur  and 
phalanges,  and  a  pelvis  in  another  mass. 

The  author  described  these  bones  in  detail.  The  vertebrse  were 
said  to  agree  most  nearly  with  those  of  Dicynodon  and  OudenodotL 
The  supposed  sternal  bone  is  of  a  rounded  hexagonal  form,  and  is 
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re^i^rded  by  the  author  as  the  anterior  bone  of  the  sternum  proper, 
which  is  usually  unossified  in  recent  lizards,  but  well  ossified  in 
Omithqr'hynchuB.  In  the  scapula  also  the  author  pointed  out  re- 
semblances to  that  bone  in  Omtthorhynchus.  The  humerus  in  its 
general  porportions,  and  especially  in  the  great  development  pf  its 
ridges,  was  also  shown  to  resemble  the  same  bone  in  the  Mono- 
tremes.  The  ungual  phalanges  were  described  as  broad  and  obtuse, 
probably  constructed  to  bear  claws  adapted  for  digging,  as  in 
Echidna ;  the  femur  also  resembles  that  of  the  last-named  animal. 

The  author  remarked  upon  these  approximations  to  the  Mono- 
trematous  Mammalia,  in  allusion  to  which  he  proposed  the  name  of 
Platypodosaurua  rohustus  for  this  animal,  the  humerus  of  which 
was  10^  inches  long  and  nearly  6  inches  broad  at  the  distal  end. 
He  also  alluded  to  the  interesting  problems  opened  up  by  the  study 
of  these  South-African  reptiles  in  connexion  with  their  possible 
relationships  to  the  low  implacental  Mammalia  of  New  Guinea, 
Australia,  and  Tasmania. 

2.  "  Note  on  the  Occurrence  of  a  New  Species  of  Iguanodon  in  the 
Eimmeridge  Clay  at  Gumnor  Hurst,  three  miles  west  of  Oxford." 
By  Prof.  J.  Prestwich,  M.A.,  F.R.S.,  F.G.S. 

The  pit  in  which  the  occurrence  of  Iguanodon  was  discovered  was 
worked  in  Eimmeridge  Clay  at  the  foot  of  an  outlying  mass  of 
Lower  Greensand  forming  an  isolated  hill.  The  Portland  beds, 
which  occur  at  Shotover,  are  here  wanting.  The  bones  were  found 
in  a  thin  sandy  seam  intercalated  in  the  clay,  and  traversing  the 
hill  at  least  15  feet  below  the  Greensand.  The  skeleton  was 
probably  almost  entire;  but,  as  attention  was  not  directed  to  it 
until  nearly  all  the  clay  had  been  removed,  many  bones  were  lost  and 
others  injured.  Several  vertebrae  of  Ichthyosaurus  were  found  in 
the  same  seam,  and  the  characteristic  Gryphaa  virgula  occurred  in 
profusion.  The  clay  above  and  below  contained  fossils  of  Eim- 
meridge types.  The  author  stated  his  opinion  that  land  probably 
lay  to  the  south-west  of  the  Oxford  district 

3.  **  On  Iguanodon  Prestwichii,  a  New  Species  from  the  Eimme- 
ridge Clay."     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  in  detail  the  remains  of  Igua- 
nodon found  at  Curanor  Hurst  in  the  Eimmeridge  Clay,  as  described 
in  the  preceding  paper..  They  illustrated  nearly  every  part  of  the 
skeleton  of  an  immature  individual,  adding  greatly  to  our  knowledge 
of  the  variation  of  the  vertebras  in  the  several  regions  of  the  verte- 
bral column,  and  of  the  structure  of  the  head  and  hind  limbs.  In 
the  latter,  both  the  tibia  and  the  fibula  articulate  (as  in  embryo  birds) 
with  the  08  calcis,  which  bone  is  now  first  identified  in  Iguanodon, 
The  sacral  vertebrae  were  only  four  in  number,  and  the  species 
farther  differed  from  the  Wealden  Iguanodon  Mantelli  in  the  simpler 
character  of  the  serration  of  the  teeth,  of  which  the  lamellae  are  not 
mammillated,  and  in  having  the  vertebrae  of  the  trunk  and  sacrum  not 
Bu  compressed.     The  author  named  the  species  Iguanodon  Prestwichii, 
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DR.    CROLL'S   EXCENTRICITY  THEORY. 

Sib, — In  your  last  number  Mr.  Searles  V.  Wood  advances  what  he 
considers  to  be  '*  the  conclusiye  objection  "  to  Dr.  CroU's  theory  of 
excentricity  as  a  cause  of  the  glacial  epoch,  viz.  that  North 
America  was  glaciated  further  south  than  Europe,  in  proportion  to 
its  present  difference  of  winter  climate,  while  Dr.  Groll  admits  his 
theory  "  to  be  baseless  unless  there  was  a  complete  diversion  of  the 
warm  ocean  currents  from  the  hemisphere  glaciated." 

I  do  not  myself  remember  that  Dr.  Croll  ever  made  such  an 
admission,  and  it  is  certainly  not  necessary  for  the  application  of  his 
theory.  But  whether  there  was  a  partial  or  a  complete  diversion  of 
the  Gulf-stream  from  the  coasts  of  Europe,  the  result  anticipated  by 
Mr.  S.  V.  Wood — a  complete  similarity  in  the  extension  of  ice  over 
the  two  continents — was  not  be  expected,  because  they  are  subject  to 
very  different  conditions,  independently  of  the  action  of  ocean 
currents. 

Europe  is  interpenetrated  by  seas  having  a  southward  opening, 
while  the  mass  of  land  in  Western  Europe  is  trifling  compared  to 
that  of  North  America.  Transfer  the  Mediterranean  to  America  and 
you  have  a  sea  entering  south  of  Cape  Hatteras,  and  extending  quite 
across  the  continent  to  the  Sierra  Nevada  of  California,  with  north- 
ward branches  reaching  to  Lake  Huron  I  The  influence  of  such  a 
sea  receiving  the  waters  of  one  of  the  largest  tropical  rivers  (the 
Nile),  together  with  the  broken  form  of  the  western  coast  of  Europe 
and  the  narrowness  of  the  land,  must  be  alone  sufficient  to  give 
Western  Europe  an  insular  climate  as  compared  with  Eastern 
America.  But  at  the  same  time  we  have  on  the  American  side 
conditions  tending  in  the  very  reverse  direction.  The  enormous 
ice-be£iring  masses  of  Greenland  and  Grinnell's  Land  immediately 
to  the  north  and  nortli-east,  and  the  Highlands  of  Labrador  in  the 
latitude  of  the  Germanic  plain,  combined  with  the  great  cul-de-sac 
of  Hudson's  Bay,  to  receive  icebergs  from  the  north,  and  pile  them 
up  in  its  southern  inlet,  almost  in  the  latitude  of  London,  must  have 
tended  to  lower  the  climate  of  North  America  during  the  Glacial 
epoch  as  much  as  the  Mediterranean  and  the  Bay  of  Biscay  must 
have  ameliorated  that  of  Europe. 

These  causes  of  difference  of  climate  depend  on  broad  geo- 
graphical facts,  which  we  have  every  reason  to  believe  existed 
during  the  Glacial  epoch  as  they  do  now,  and  they  appear  to  me 
amply  sufficient  to  account  for  the  10°  or  12°  further  southward 
extension  of  the  ice  in  America  than  in  Europe,  even  if  the  Gulf- 
stream  were  "  completely  diverted."  But  I  do  not  believe  it  was 
completely,  but  only  partially  diverted  and  also  diminished  in 
intensity,  and  it  therefore  still  exerted  some  differential  action  on 
the  climates  of  the  opposite  coasts  of  the  Atlantic.  I  would  also 
point  out  that  the  difference  between  the  latitudes  of  points  with 
the  same  tointer  isothermals  in  West  Europe  and  East  America 
averages  about  20°,  which  is  much  greater  than  the  difference  of  the 
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limit  of  glaoiation  in  the  countries,  and  this  would  show  that  some 
equalizing  effect  \ioa$  produced  by  the  diminished  and  partial 
diverted  Gulf-stream,  as  Dr.  Croll's  theory  requires. 

fiLaving  recently  been  subjecting  the  whole  of  the  evidence  on 
the  subject  of ''  geological  climates  *'  to  a  careful  examination,  I  may 
state,  that  I  have  arrived  at  an  important  modification  of  Dr.  Croll's 
theory,  which  will,  I  believe,  obviate  the  chief  objections  that  have 
hitherto  been  made  to  it.  The  subject  will  be  fully  discussed  in  a 
volume  I  am  now  engaged  in  printing. 

Cbotdom,  JpHl  nth,  1880.  ALFRED  E.  WaLLAOK. 

PERMIAN  BOCKS. 

Sib, — The  investigation  at  present  occupying  the  attention  of 
Messrs.  Teall  and  Wilson  is,  I  believe,  one  connected  with  a  most 
important  geological  question, — a  question  that  hereafter  must 
engage  more  attention  than  It  does  at  present.  These  inquirers 
however  are  in  advance  of  their  age,  and  have  much  up-hill  work 
before  them.  Nevertheless  I  suspect  that  hereafter  geologists  will 
have  to  allow  that  the  rocks  of  the  so-called  "  Permian  Formation," 
are  only  "  passage-beds "  between  Carboniferous  and  Triassio 
formations, — palaeontologically  allied  to  the  first,  but  stratigraphically 
to  the  second.  Before  this  is  accomplished,  a  great  deal  of  work  will 
have  to  be  done  in  collecting  and  arranging  in  tabular  form  all  the 
evidence  in  connexion  with  the  rocks  of  this  so-called  formation ; 
and  thus  prove  the  hiatus  said  to  exist  in  different  places  to 
be  imaginary. 

In  Ireland  there  are  only  small  exposures  of  Permian  rooks,  yet 
Ihey  appear  to  be  very  important,  as  they  point  to  the  true  character 
of  the  rocks  that  have  been  elevated  into  a  "  formation."  They  are 
as  follows : — 

Pemiiana  of  Armagh, — ^These  rocks  are  in  the  vicinity  of  Armagh 
town,  and  apparently  are  the  conglomeratic  basal  beds  of  the  Trias. 
Tliere  is  no  evidence  to  prove  an  unconformability  between  them  and 
the  Trias. 

Fermiana  of  Benhurh. — These  are  exposed  in  the  Bla water  valley 
on  the  nearing  of  the  counties  Tyrone  and  Armagh.  They  un- 
doubtedly belong  to  the  Carboniferous,  as  they  lie  conformably  on 
a  true  Carboniferous  limestone,  while  in  the  centre  of  the  group  is  a 
bed  carrying  typical  Carboniferous  fossils. 

Permians  of  the  Lagan  Valley. — Those  near  Moira  are  of  a  some- 
what similar  type  to  those  of  Armagh,  and  here,  as  there,  seem  to  be 
at  the  base  of  the  Trias ;  while  those  at  C ultra  would  have  been 
classed  with  the  associated  Triassio  beds  but  that  they  carry  fossils 
similar  to  those  of  the  Durham  Permians. 

TuUyconnell  Permians, — These  rocks,  although  apparently  belong- 
ing to  the  Trias,  carry  fossils  similar  to  those  in  the  Cultra  beds.  In 
one  locality  (Templereagh)  they  are  very  instructive ;  hei'e,  while 
sinking  a  coal-pit,  a  dolomite  16  feet  thick  was  found,  strati- 
^n^phically  belonging  to  the  Trias,  but  palseontologically  to  the 
Permian.     The    Permians  of  TuUyconnell  and    Cultra,   although 
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palaeontologically  similar,  seem  to  be  on  different  geolo^oal  horizons ; 
as  the  first  are  associated  with  Keuper  Marls,  and  the  latter  with 
Bunter  Sandstones.  G.  Hekry  Kutahan. 

UPPER  DEVONIAN  IN  DEVONSHIRE. 

Sib, — In  connexion  with  Prof.  Hoemer's  paper  in  the  April 
Geologioal  Magazine,  it  may  be  of  interest  to  remind  geologists 
of  the  occurrence  of  the  Clymenia  limestone  at  Lower  Dunscombe, 
above  the  OonicUitea  inttaneBcens  stage.  The  highest  bed  the 
Professor  appears  to  have  observed  at  Lower  Dunscombe  was  the 
flaggy  limestone  with  GoniaHfes,  V\^ant  of  time  prevented  my 
collecting  from  this  part,  and  the  short  list  in  my  paper  is  from  the 
thicker-bedded  limestone  a  few  feet  lower.  In  the  field  above, 
however,  which,  at  the  time  I  examined  it,  was  newly  ploughed, 
there  was  a  quantity  of  shaly  or  nodular  limestone,  full  of  Clymenia 
(C.  valida  and  C,  striata).^ 

This  discovery  of  the  Clymenia  stage  in  South  Devon  is  due 
to  Mr.  Etheridge,  who  determined  the  fossils.         Clsment  Bbid. 

DESCRIPTIONS   OF  THE  FOSSILS  FROM  SUMATRA.    ADDENDA  ET 

CORRIGENDA. 

[See  Obol.  Mao.  1879,  Decade  II.  Vol.  YI.  pages  386,  441,  492,  and  535.] 

I.  The  fossils,  Nos.  1-4,  pp.  386,  387,  aie  from  the  Carboniferous  Limestone  of 

Sibelaboe,  Highlands  of  Padang. 

II.  Sparganilithea  gemmatus,  PI.  X.  Fi^.  4,  is  from  the  shale  above  the  second  coal- 

seam  of  Soengei-Docrian,*  Highlands  of  Padang ;  Eocene,  2nd  stage. 
III. — The  following  twelve  fossils  are  from  the  Limestone  with  Orbitoides  and  Corals 
at  Batoe  Mendjoeloe,  Highlands  of  Padang ;  Eocene,  4th  stage,  equivalent 
to  stage  y  of  Borneo : — 

Cardita,  sp.     PI.  X.  Fig.  6.  Cypraa  atibelongata,  PI.  XII.  Fig.  3. 

ZueirMf  sp.        ,,         ,,     7.  Cerithiumy  sp.                    „  ,^    4. 

Pectmy  sp           ,,         ,,     12.  Turbo  Bomeensis  f            „  „    6. 

CidariSy  sp.        ,,         ,»     17.  Phatianella  Oweni            ,,  ,,6. 

ConuSf  sp.           PI.  XII.  Fig.  1.  TrochuSy  sp.                       ,,  »,    7. 

Conus  8ubatriatellu9,    ,,         ,»    2.  Prenoitter,  sp.                     ,,  >»    8. 

IV.  All  the  other  sixtv-five  fossils  are  from  the  marls  of  the  Island  of  Nias,  probably 

of  Miocene  (late  Miocene)  age. 
v.  The  Cardita  HumatreiuiSy  PI.  X.  Fig.  5,  is  also  from  the  Nias  marls  or  clays, 

and  not  from  the  clay-bed  associated  with  the  coal  of  the  2nd  stage, 

Eocene. 

"R.  D.  M.  Verb£kk. 


PROFESSOR  MILNE  ON  VOLCANOS. 
Sib, — When  Professor  Milne  was  writing  his  article  on  the  dis- 
tribution of  Volcanos  I  happened  to  say  to  him  pretty  much  what 
is  contained  in  Mr.  Fisher's  letter  in  your  last  number.  His  answer 
was — ''I  wish  to  keep  myself  from  committing  the  common  error 
of  many  geologists  who  know  a  little  mathematics,  the  error  of 
imagining  that  I  can  create  a  mathematical  theory  for  a  phenomenon, 
when  I  am  only  acquainted  with  part  of  the  cause  of  the  phenomenon. 
On  the  supposition  that  rock  is  always  of  the  same  conductivity,  we 
may  find  that  an  isothermal  surface  is  probably  one  thouscmd  feet 

1  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  464. 
*  See  Geol.  Mao.  Dec.  II.  Vol.  II.  p.  480. 
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deeper  beneath  the  bottom  of  the  sea  than  it  is  beneath  the  surface 
of  dry  land.  But  the  rigidity  of  rock  is  not  merely  a  function  of 
temperature ;  it  probably  increases  if  the  pressure  increases,  as  we 
see  from  all  the  meagre  information  in  our  possession.  Thus  we 
know  that  solid  rock  probably  sinks  in  melted  rock,  and  that, 
therefore,  pressure  raises  its  melting-point.  Again,  we  know  that  the 
interior  of  the  earth  is  probably  at  an  enormously  high  temperature, 
and  yet  Sir  William  Thomson  tells  us  that  on  the  whole  it  is 
more  rigid  than  glass.  I  have  good  reason  for  believing,  therefore, 
that  as  the  pressure  on  an  isothermal  surface  beneath  an  ocean  is 
much  greater  than  on  the  same  surface  beneath  dry  land,  a  surface 
passing  through  all  points  where  the  rock  is  equally  rig^d  or  equally 
strong  to  resist  tensile  stresses,  and  which  is  the  surface  I  really  have 
to  deal  with  in  my  paper,  would  probably  be  several  miles  deeper  off 
the  ooaat  of  Japan  than  it  is  directly  underneath  dry  land."  In  my 
ignorance  I  cannot  give  with  sufiBcient  fullness  the  clear  reasoning  of 
my  friend ;  but  as  what  I  have  given  seems  to  be  a  suitable  reply  to 
Mr.  Fisher's  letter,  I  must  beg  you  to  insert  it,  since  Mr.  Milne  is  too 
far  away  to  reply  for  himself.  John  Pebry. 

Scientific  Club,  18M  May,  1880. 


PROFESSOR    K.    A.    L.    VON    SEEBACH. 

Born  Auq.  13th,  1839;   Died  Jan.  218T,   1880. 

Earl  Albert  Ludwig  von  Seebach  was  born  at  Weimar,  August 
13th,  1839.  When  eight  years  of  age,  his  father.  Chamberlain  Major 
von  Seebach,  placed  him  at  Keilhau,  near  Budolstadt,  where,  under 
the  teaching  of  MM.  Barop  and  Middendorf,  he  passed  six  happy 
years.  In  1863  he  returned  to  Weimar,  and  entered  the  Public 
Gymnasium  under  the  direction  of  Hermann  Sauppe.  Here  he  enjoyed 
tlie  advantage  of  good  classical  teaching,  and  at  home  acquired  from 
his  father  the  love  of  physical  science.  Major  von  Seebach  had  been 
a  special  favourite  of  the  aged  Goethe,  who  had  given  him  a  small 
collection  of  minerals  with  a  catalogue  in  his  own  handwriting ;  this 
gave  the  young  officer  his  first  impulse  in  pursuit  of  science. 
Goethe's  collection,  augmented  by  the  father  for  the  benefit  of  his 
son,  was  by  the  youthful  Seebach  united  to  a  series  of  geological 
and  palseontological  specimens ;  the  whole  of  these  treasures,  at  a 
later  period,  were  presented  to  the  Gdttingen  Museum.  While 
still  at  school  he  wrote  his  first  scientific  paper,  "The  Entomo- 
straca  of  the  Thiiringian  Trias,'*  which  appeared  in  the  Zeitschrift 
der  Deutschen  geologischen  Gesellschaft  (Jg.  1857).  His  varied 
attainments  proved  that  scientific  investigations  had  taken  a  firm 
hold  on  his  mind  ;  and  when  leaving  in  1858,  the  highest  certificate 
was  bestowed  on  him  by  the  Governors  for  his  general  (Bxcellence. 

After  his  exertions  at  school  and  his  rapid  growth,  a  very  whole- 
some year  of  mining  at  Kamsdorf,  near  Saalfeld  in  Thiiringia,  fol- 
lowed. He  still  further  improved  his  scientific  taste  by  an  academic 
course,  and  at  Easter,  1859,  he  began  to  study  with  Prof.  Ferdinand 
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Bomer  at  Breslau,  for  whom  he  possessed  a  grateful  admiration  to 
the  last.  These  studies  he  continued  in  Giittingen  and  Berlin  under 
Prof.  Beyrich.  In  1862  he  wrote  a  memoir  "On  the  Molluscan 
Fauna  of  the  Weimar  Trias." 

After  this  course  of  study  came  scientific  travels.  First,  in  com- 
pany with  Professor  Bomer,  he  visited  the  Carpathians,  and  in  1861 
Bussia,  in  1862  England,  in  1863  Sweden. 

At  the  conclusion  of  his  University  career  in  1863,  he  was  elected 
Professor  Extraordinary  of  G^logy  and  Palaeontology  in  the  Uni- 
versity of  Gottingen. 

After  the  publication  of  his  **  Hannoverian  Jura "  in  1864,  he 
obtained  the  title  of  Professor,  and  started  upon  a  scientific  expedi- 
tion to  Central  America,  which  occupied  him  a  part  of  1864-65. 

He  was  incessantly  engaged  upon  the  account  of  this  expedition, 
but  it  so  hindered  his  professorial  labours,  that  only  one  preliminary 
account  of  the  results  has  appeared.  His  investigations  into  the 
phenomena  of  volcanos  were  worthy  the  journey  to  Central  America, 
and  are  well  expressed  in  a  letter  on  "  The  typical  di£ference  in  the 
form  and  construction  of  volcanos  and  their  causes."  In  1866  he 
visited  the  Island  of  Sontorin,  and  published  an  account  of  it  in 
1867,  treating  of  its  remarkable  volcanic  phenomena.  A  little  later 
he  started  various  scientific  questions  in  a  dear  and  intelligent  form : 
"  The  waves  of  the  sea  and  their  geological  action "  (1872). 
"  Central  America  and  the  interoceanic  canal "  (1873).  In  June, 
1867,  he  married  Berta  Sauppe,  the  second  daughter  of  his  former 
master,  the  Professor  of  Philology  and  Classics  in  Gottingen.  In 
1870  Seebach  was  appointed  permanent  Professor. 

From  1867  he  worked  at  the  Geognostic  Charts  of  Prussia  and 
Thiiringia,  and  spent  his  summer  vacation  in  the  field.  In  1872  the 
maps  for  Worbis  and  Niederorschel  were  finished ;  other  completed 
works  await  publication.  The  completion  of  a  new  Natural  History 
Museum,  in  which  the  geological  and  palseontological  collections 
formed  by  far  the  largest  share,  was  his  latest  task,  and  was  a  sub- 
ject very  near  his  heart.  In  the  carrying  out  and  executing  of  the 
plans  he  took  a  most  active  part  Late  in  1877  the  buU ding  was 
finished. 

At  that  time  the  meeting  of  the  German  G^logical  Society  was 
held  in  Vienna,  when,  contrary  to  Seebach's  desire,  the  meeting  for 
the  ensuing  year,  1878,  was  fixed  to  take  place  in  Gottingen.  This 
caused  him  to  work  in  the  draughty  unfinished  rooms,  moving  and 
arranging  the  collections,  a  task  which  he  accomplished,  but  only  at 
the  cost  of  his  already  heavily  overtasked  strengUi. 

A  winter  (1878-79)  passed  in  Portugal,  was  to  restore  his  health 
and  relieve  his  bronchitis.  The  interest  excited  by  a  visit  to  this,  as 
yet,  little  known  land,  restored  for  a  time  his  strength,  and  renewed 
his  scientific  activity.  In  the  spring  of  1879  he  returned  to  Got- 
tingen, but  only  to  retire  to  a  couch,  from  which  he  was  never  again 
to  rise. 

On  January  2l8t,  1880,  he  died,  leaving  a  warm  and  lasting 
remembrance  of  his  brave  and  true-hearted  nature,  which  all  who 
knew  him  will  cherish. 
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I. — Contributions  to  the  Paleontology  op  the  Yorkshibb  Oolites.^ 

Part  II. 
By  WiLPRiD  H.  HuDLESTON,  M.A.,  F.G.S.,  V.P.G.A. 

(PLATES  VIII.  &  IX.) 

Genus  Purpuroidea,  Lycett,  1848. 

Whatever  may  be  the  precise  biological  value  of  this  genus  or 
subgenus  as  distinct  from  Purpura,  it  forms  a  remarkable  group, 
limited,  according  to  our  present  knowledge,  both  in  time  and  space. 
Of  the  conditions  favourable  to  its  development  we  only  obtain 
glimpses  here  and  there.  In  the  Coral  Kag  of  Yorkshire  one  would 
say  that  the  genus  displays  a  remarkable  tendency  to  variability 
within  certain  limits,  so  much  so  that  almost  every  specimen  found 
in  anything  like  a  decent  state  of  preservation  differs  in  some  point 
of  ornament :  hence  the  extreme  difficulty  of  specific  arrangement. 
One  might  almost  suppose  that,  like  the  Ammonite,  the  genus 
having  worked  out  the  limits  of  possible  change,  flourished  within 
a  short  period  only,  and  speedily  became  extinct. 

D'Orbigny's  genus  Purpurina,  with  which  this  one  has  been  con- 
founded by  Buvignier,  and  even  by  Morris  and  Lycett,*  should  be 
confined  to  a  group  of  much  smaller  shells  if  we  accept  the  limita- 
tions of  Deslongchamps,'  who  breaks  up  D'Orbigny*s  genus  in^io 
Purpurina,  Brachytrema,  and  Purpuroidea. 

1. — Purpuroidea  nodulata,  Young  and  Bird,  1828.     Plate  YIIL 

Figs.  1,  2,  and  4. 

Buccinum,  hke ^ammeum,  Dillwyn,  Young  and  Bird,  Geol.  Surv.  of  the  Yorkshire 

Coast;  1822,  plate  xi.  tiff.  3,  and  p.  242. 
Murex  nodulaius.  Young  and  Bird,  1828,  op.  cii.,  plate  xi.  fig.  3,  p.  244. 

Bibliography,  etc. — The  figure  of  this  very  variable  species  given 
in  the  earlier  edition  of  Young  and  Bird  is  by  no  means  an 
unhappy  attempt.  Though  little  more  than  a  rough  sketch,  it  is 
very  characteristic  of  an  average  of  specimens.  The  figure  in  the 
edition  of  1828  is  inferior.  Buccinum,  too,  was  much  nearer  the 
mark  than  Murex,  aflfording  one  of  many  instances  that  the  palaeon- 
tology as  well  as  the  plates  of  the  second  edition  were  inferior  to 
that  of  the  first.  In  his  edition  of  1835  Phillips  calls  this  species 
Natica  nodulata,  Phil.,  identifying  it  in  his  reference  column  with 
Young  and  Bird's  shell.  The  change  of  genus  was  unfortunate,  and 
is  the   more  remarkable  from  the  fact  that,  although  imperfect 

*  Continued  from  the  June  Number,  p.  248. 

'  MolluBca  of  the  Great  Oolite,  p.  25.        ^  Bull.  Soc.  linn.  Xorm.  vol.  v  p.  119. 
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naticoid  casts  of  this  shell  are  oommon  enough,  there  must  have 
been  plenty  of  specimens  showing  the  wide  basal  notch  which 
clearly  brings  the  species  within  the  Siphonostomata.  It  affords, 
moreover,  an  instance,  happily  rare  amongst  British  palseontologists, 
when  an  author,  on  the  strength  of  having  changed  the  genus, 
appends  his  own  name  to  the  species. 

In  1850  Lycett  ^  described  three  species  of  Purpwroidea  from  the 
Oreat  Oolite  of  Minchinhampton,  and  these  three  species  are  ex- 
tremely well  drawn  by  Bone.*  The  third  of  these  was  identified 
with  the  Yorkshire  form,  and  received  the  name  of  Purpnroidea 
nodulata.  It  is  quite  likely  that  the  learned  authors  of  the  Great 
Oolite  Mollusca  were  unable  to  obtain  decently  preserved  specimens 
of  our  Coral  Hag  species,  or  they  would  scarcely  have  placed  the 
two  under  the  same  specific  designation.  We  owe,  however,  to 
Morris  and  Lycett  the  recognition  that  Ifurex  nodidaius,  Y.  &  B., 
and  M.  tuherosuSf  Sow.,  should  be  classed  under  the  new  genus 
Furpuroidea,  and  thus  the  mistake  of  Phillips  as  to  the  genus  was 
rectified.  That  P.  nodtdata,  M.  &  L.,  is  more  closely  related  to  the 
Yorkshire  shells  than  are  the  other  two  Minchinhampton  species 
none  will  doubt ;  perhaps  it  may  be  entitled  to  rank  as  an  ancestor. 
Of  course  it  must  be  admitted  that  where  one  man  sees  a  species 
another  only  sees  a  variety ;  but  in  this  case  the  general  type  of 
ornamentation  (and,  to  a  certain  extent,  also  the  form)  of  the  Great 
Oolite  shell  differs  materially  from  any  of  those  found  in  the  Coral 
Bag  of  Yorkshire. 

In  1852  Buvignier,'  who  includes  these  shells  under  "Purpura, 
takes  the  opportunity  of  pointing  out  the  important  differences 
between  his  Coral  Bag  species,  P.  Lapierrea  (a  nearer  relation  to 
some  of  the  Yorkshire  shells),  and  the  Minchinhampton  shell  called 
P,  nodulata  by  Morris  and  Lycett.  In  1875  Phillips,  in  his  third 
edition,  avoiding  his  original  error  of  calling  the  Yorkshire  shell 
Natica  nodulata^  Phil.,  fell  into  the  opposite  error  of  referring  it  to 
P.  nodulata,  M.  &  L. 

Description, — It  is  not  easy  to  select  a  typical  specimen.  Owing 
to  original  variety  of  form,  aided  by  some  difference  in  mineraliza- 
tion, and  varying  degrees  of  preservation,  no  two  specimens  are 
alike.  The  best  plan,  therefore,  is  to  give  a  brief  description  of 
each  of  the  three  shells  selected,  pointing  out  the  resemblances  and 
contrasts,  and  thus  obtain  a  kind  of  average  diagnosis  which  may 
serve  as  a  general  description. 

Fig.  1. — Specimen  from  the  Coral  Bag  of  Langton   Wold   (YorJcsh. 

Phil  Soc). 

Length  77  millimetres. 

Eitreme  width 68       ,, 

I^aigtli  of  body- whorl  to  eutiro  shell 71 :  100. 

Spiral  angle 78*. 

Shell  turrited,  angular,  consisting  of  five  or  six  whorls ;  ornaments 
of  the  early  whorls,  if  any,  effaced.  Penultimate  whorl  provided 
with  about  nine  stumpy  tubercles  or  studs ;   suture  strongly  marked. 

1  Op,  eit,  '  Plates  v.  and  ri.  '  Stat.  Geol.  etc.  de  la  Mease,  p.  44. 
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The  upper  portion  of  the  body- whorl  slopes  outwards  towards  the 
principal  variz  or  keel,  except  in  the  region  immediately  adjoining 
the  suture.  It  is  deeply  ribbed  and  furrowed  longitudinally.  These 
ribs  terminate  in  a  similar  set  of  tubercles,  on  the  very  prominent 
keel  situated  a  little  above  the  middle  of  the  shell.  The  area  between 
this  and  the  second  keel  of  the  body -whorl  is  20  mm.  in  length, 
and  the  ornaments  are  indistinct.  This  lower  keel  is  less  nodular, 
bat  has  a  marked  effect  on  the  general  symmetry  of  the  shell.  The 
body-whorl  is  thus  divided  into  three  distinct  areas,  and  the  lowest 
thiid  is  distinguished  by  a  wavy  ribbing,  which  in  some  cases 
appears  to  bifurcate  from  the  faintly-developed  nodes.  The  position 
of  the  shallow  notch  at  the  base  of  the  shell  is  fairly  distinct  in  this 
specimen,  the  front  of  which  is  too  much  buried  in  matrix  to  show 
the  mouth  properly.  The  mineral  condition,  too,  is  unfavourable 
for  showing  the  finer  ornaments,  if  such  existed,  and  this  should  be 
borne  in  mind  when  making  comparisons  with  the  other  figures : 
on  the  other  hand,  it  is  the  only  specimen  I  have  ever  seen  with  the 
margins  unimpaired. 

Fig.  2. — Another  specimen  from  the  Coral  Rag  of  Langton  Wold 

{Yorhsh.  Phil  Sac). 

Length  (restored)      78  milliindtrea. 

Greatest  width  (restored) ^ 68      ,, 

Len^h  of  body- whorl  to  entire  shell    70  :  100. 

Spiral  angle 80°. 

This  specimen  is  not  quite  so  bold  as  the  last,  and  is  also  much 
more  imperfect  in  outline,  but  has  enough  of  the  shell  properly 
preserved  to  show  the  well-marked  transverse  lines  which  decussate 
with  the  more  or  less  wavy  ribbing.  The  effect  thus  produced, 
which  is  almost  like  basket  work,  seems  characteristic  of  all  the 
varieties  of  this  species.  The  mouth  is  wide,  with  a  flattish  base, 
which  causes  it  to  differ  from  Natica  ;  but  the  portion  which  should 
show  the  notch  is  broken  away,  as  is  unfortunately  too  frequently 
the  case.  The  aperture  is  semi-ovate,  wide,  and  slightly  expanded. 
The  inner  lip  is  but  slightly  curved :  it  was  thick,  and  originally 
extended  further  over  the  columellar  region,  but  haa  been  partly 
destroyed  in  cutting  out  the  shell ;  this  has  produced  an  appearance 
like  an  umbilical  groove,  which,  if  it  existed,  must  have  been  very 
sh'ght. 

From  the  combination  of  these  two  specimens  the  average 
character  of  the  species  may  be  deduced. 

Fig.  4. — Specimen  from  the  Coral  Rag  of  North  Grimston  (my 
Collection).  This  variety,  from  the  imperfect  development  of  the 
second  keel  in  the  body- whorl,  has  somewhat  closer  affinities  with 
P.  Lapierreay  Buv.  Yet,  if  Buvignier  s  species  be  correctly  figured, 
the  mouth  of  the  North  Grimston  specimen  is  very  different.  Ours 
is  a  handsome  and  striking  form,  and,  should  a  sufficient  number  be 
found,  might  be  raised  to  the  dignity  of  a  named  variety.  The 
spiral  angle  is  79°,  being  practically  of  the  same  value  as  in  the  two 
specimens  previously  described — an  important  point  of  resemblance. 
There  is  also  the  same  kind  of  wavy  ribbing,  but  it  is  more  coarsely 
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decussated  by  transverse  bands  in  those  portions  of  this  shell  which 
have  been  preserved.  To  be  perfectly  safe,  however,  similar  parts 
only  should  be  brought  under  comparison. 

2. — PuRPUBOiDEAcf. TUBKBOSA,  Sowerby,  1827.  PI.  VIII. Figs.  3a.  &6. 
Murex  tuberwut,  Sowerby,  1827,  Min.  Conch.,  Tab.  678,  fig.  4. 

Bibliography,  etc, — As  far  as  one  can  judge  from  Sowerby's  figure, 
he  appears  to  have  described  one  of  the  narrower  forms  of  Tur- 
puroidea  from  the  "  Pisolite  at  Malton."  If  we  are  to  refer  all  the 
Yorkshire  specimens  to  one  specific  designation,  then  Sowerby's 
name  must  take  precedence  of  that  given  by  Young  and  Bird. 

Description, — Specimen  probably  from  the  Coral  Rag  of  Langtoa 

Wold  (Leckenby  Collection). 

Length  (restored) 69  millimetres. 

Extreme  width 47      ,« 

Length  of  body- whorl  to  entire  shell    68 :  100. 

Spiral  angle      70'. 

The  above  measurements  prove  that  there  is  an  important  differ- 
ence in  the  dimensions  of  this  and  the  preceding  species.  The 
outline  is  rather  more  on  the  plan  of  the  Minchinhampton  species, 
but  the  ornaments  are  entirely  distinct.  The  whorls  were  probably 
six  in  number :  the  first  four  are  devoid  of  tubercles,  but  are 
marked  by  fine  transverse  lines  (not  shown  in  the  figure).  ITie 
penultimate  whorl  slopes  outwards  towards  its  keel,  below  which  it 
falls  away  at  the  same  angle  as  the  upper  whorls ;  the  front  part 
of  this  whorl  gradually  shows  a  moderate  tuberculation,  which 
increases  with  considerable  regularity,  and  finally  developes  a  very 
prominent  tubercle  or  horn.  The  body- whorl,  like  that  of  the  pre- 
ceding species,  is  divided  into  three  areas.  The  uppermost  area 
slopes  outwards  towards  the  principal  keel.  It  is  ornamented  with 
transverse  lines  or  ridges,  having  a  tendency  to  arrange  themselves 
in  pairs,  and  is  more  or  less  decussated  by  longitudinal  plications 
and  lines.  (Tliis  kind  of  minute  ornamentation  extends  over  the 
greater  portion  of  the  shell,  producing  a  very  pretty  effect)  The 
upper  or  principal  keel  is  moderately  and  regularly  tuberculated, 
and  finally,  like  the  whorl  above,  developes  one  tubercle  more 
prominent  than  the  rest.  The  second  keel  is  well  defined  near  the 
outer  lip,  and  moderately  nodular,  but  seems  to  die  out  when  traced 
backwards.  The  anterior  third  of  the  body- whorl,  as  far  as  we  can 
judge  from  what  is  left,  appears  to  have  had  wavy  ribs  partially 
bifurcating  from  the  nodes  of  the  lower  keel,  though  probably  the 
shell  became  smoother  as  the  columellar  region  was  approached. 

The  posterior  part  of  the  aperture  is  decidedly  contracted,  and 
is  more  like  a  Murex  than  is  usual  with  the  Purpuroids.  The 
columellar  lip  is  also  more  curv^ed,  and  its  general  outline  very 
different  from  P.  nodulata. 

Relations  and  Distribution, — Neither  of  these  two  species  of  Tur» 
puroidea  can  be  exactly  matched  elsewhere.  P,  Lapierrea,  Buv., 
perhaps  the  nearest  relation  to  P,  nodulata,  occurs  in  the  ferruginous 
Oolite  of  Viel  St-Eemy,  which  is  about  the  horizon  of  the  passage- 
beds  of  the  Lower  Calcareous  Grit     Buvignier  also  quotes  it  from 
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the  Coral  Rag  of  St.-Mihiel.  No  Purpuroid  has  ever,  to  my  know- 
ledge, been  found  in  any  other  district  of  the  Corallian  Kocks  of 
England,  and  in  Yorkshire  all  the  specimens  come  from  a  very 
limited  area  in  the  Coral  Bag  of  the  eastern  Howardians.^ 

Genus  Natica. 

This  genus  is  by  no  means  well  represented  in  the  Yorkshire 
Oolites  generally.  In  the  Lower  Oolites,  from  the  Dogger  to  the 
Combrasb  inclusive,  the  species  are  very  restricted  as  to  numbers, 
and  tbe  individuals  are  usaally  of  moderate  size.  There  is  a  small 
specimen,  which  may  be  a  Natica,  in  the  Bean  Collection  from  the 
Lower  Calcareous  Grit  of  Cayton  Bay,  but  the  genus  is  absent,  so 
far  as  we  know,  in  the  Passage-beds,  Lower  Limestones,  and 
Coralline  Oolite  (see  Stratigraphical  Table  in  the  Introduction  to 
Corallian  Gasteropoda).  The  Coral  Rag  of  Yorkshire  is  richer  in 
this  genus,  and  I  am  thas  able  to  illustrate  four  distinct  species. 

Whether  in  the  stru^le  with  the  synonymy,  unusually  oppressive 
in  this  sligbtly  ornamented  genus,  I  have  been  tolerably  successful 
remains  to  be  seen.  Some  of  the  forms  figured  approach  very 
closely  to  species  from  the  Great  Oolite  of  Minchinhampton.  In 
this  respect  the  species  of  Natica  in  the  two  formations  present  a 
greater  similarity  than  do  the  species  of  Purpuroidea,  On  the  other 
hand,  whatever  names  we  may  adopt,  most  of  the  forms  can  be  very 
nearly  matched  with  similar  ones  described  by  D'Orbigny  from  the 
Upper  Oxfordian  or  Corallian. 

3. — Natica  Buccinoidea,  Young  and  Bird,  1828.     Plate  IX. 

Figs.  la.  and  16. 

Xerita  (like  maxima,  Dillwjm),  Youn^  and  Bird,  1822.      Geol.  Surv.  Yorkshire 

Coast,  pL  ix.  hg.  2,  p.  244. 
Ampullaria  buceinoideOj  1828,  Young  and  Bird,  op,  cit.  pi.  xi.  fig.  2,  p.  244. 

Bibliography,  etc. — ^There  can  be  little  doubt  that  this  is  the  shell 
intended  by  Young  and  Bird;  the  figure  in  the  earlier  edition  is 
slightly  tbe  better  of  the  two.  The  back  view  alone  is  given  by 
these  authors,  and  the  technical  description  is  not  very  close.  In 
the  earlier  edition  the  species  was  alluded  to  as  a  Nerita  "  from  the 
Oolite,  two  inches  long  and  of  equal  breadth.  *  .  .  .  It  is  a  smooth 
shell,  except  that  the  body- whorl  is  marked  with  the  lines  of  growth, 
and  bas  a  few  faint  strise  at  the  base."  In  the  edition  of  1828,  the 
authors,  as  usual,  are  less  happy  in  their  remarks,  but  suggest  the 
specific  name  which  I  have  adopted.  It  is  almost  impossible  to 
doubt  that  they  were  referring  to  the  species  described  by  me  below, 
and  the  name  given  by  them,  according  to  the  rule  of  priority,  takes 
precedence  of  all  others. 

Phillips  does  not  seem  to  have  noticed  the  species  in  any  of  his 

*  PuKPUROiDEA,  sp. — Not  figured  or  described.  A  spcjcimen  distinct  from  any 
of  the  previoufl  forms  was  found  by  me  in  the  Coral  llug  of  Langton  Wold.  It 
has  an  extremely  wide  aperture,  which  impinges  on  the  columellar  area.  Tho 
condition  of  the  shell  is  not  favourable  for  jud^g  of  the  ornamentation,  and  I 
merely  draw  attention  to  the  existence  of  a  form  which  may  some  day  be  found  in  a 
better  state  of  preservation. 

MuRBX  Haccanensis,  Phillips. — There  being  no  certain  evidence  that  this  is  a 
CoraUian  form,  it  is  not  included  amongst  the  Corallian  Gasteropods. 
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editions,  and  it  has  thus  been  n^lected  by  otber  English  psdseonto* 
legists. 

In  the  Terrains  Jarassiqnes,  vol.  ii.  p.  206,  D'Orbigny  identifies 
Natica  grandis,  Munst.  (see  Goldfass,  A.D.  1844,  vol.  iii.  p.  118 ;  pi. 
199,  fig.  8),  with  a  shell  from  the  Co'rallian  of  the  Ardennes,  La 
Rochelle,  St.-Mihiel  and  other  localities.  This  shell  is  figured  in 
the  Atlas,  plate  295.  D'Orbigny's  figures  and  description  tally  fairly, 
though  not  exactly  with  the  Yorkshire  species  now  under  considera- 
tion, which,  if  not  absolutely  identical  with  the  JV.  grandis  of  that 
author's  identification,  must  be  viewed  as  its  representative  in  the 
Coral  Hag  of  Yorkshire.  The  species  of  Gk)ldfu8S  may  or  may  not 
be  the  same ;  it  was  found  in  the  Jura  Ealke  of  the  neighbourhood  of 
Eichstadt,  and  described  in  terms  so  general  as  to  be  applicable  to 
more  than  one  depressed  and  globular  form.  Thus  Morris  and 
Lycett — Mollusca  of  Great  Oolite,  p.  41,  pL  vi.  fig.  12 — record  its 
rare  occurrence  at  Minchinhampton.  Their  figure  represents  a  shell 
which  can  hardly  be  the  same  as  the  Yorkshire  species  about  to  be 
described.  To  this  section  of  the  genus  belongs  also  Natica  glohosa, 
Koemer,  stated  by  that  author  to  occur  in  the  Portland  Ealke  of 
Wendhausen.  It  is  probably  a  still  more  globular  species,  and  must 
for  the  present  be  cancelled  from  the  list  of  Yorkshire  Corallian 
fossils  given  by  me,^  and  N.  hucdnoidea,  Y.  &  B.,  substituted. 

Description, — ^The  specimen  figured  is  from   the  Ooral  Rag  of 

North  Gnmston  (my  Collection). 

Length  (restore!)     69  millimetres. 

Breadth  (restored)    66      ,, 

Length  of  hody- whorl  to  entire  shell    ^ 84  :  100. 

Spiralangle      108**. 

Shell  globose,  depressed,  very  slightly  longer  than  wide,  nearly 
solid.  Whorls  four  or  five  in  number,  the  upper  ones  small  and 
rounded ;  the  body -whorl  large  and  ventrioose.  The  upper  whorls, 
as  observed  in  their  present  condition,  are  smooth ;  the  lines  of 
growth  in  the  body- whorl  are  well  preserved  and  very  conspicuous, 
lliese  decussate  with  fine  transverse  lines,  and  thus  produce  an 
amount  of  ornamentation  rather  unusual  in  a  Natica,  Towards  the 
middle  of  the  body-whorl  is  a  slight  impression,  forming  a  sort  of 
belt  across  the  shell,  but  this  disappears  in  the  more  adult  portion, 
as  may  be  seen  on  comparing  the  front  and  back  figures.  The 
aperture  is  extremely  wide;  the  outer  lip  was  in  all  probability 
semilunar,  but  the  outline  is  now  considerably  impaired  from  unequal 
preservation  of  the  margin.  Traces  of  a  thick  columellar  lip  are 
preserved  in  the  upper  part,  and  there  is  also  to  be  noted  in  this 
region  the  commencement  of  a  slight  groove,  which  may  have  been 
connected  in  some  way  with  a  very  slight  umbilicus. 

Belaiions  and  Distribution. — The  affinities  of  this  Natica  have 
already  been  partly  indicated  under  the  heading  of  Bibliography. 
Its  contour  and  the  fine  transverse  markings  of  the  shell  clearly  con- 
nect it  with  the  group  of  which  D*Orbigny*s  N,  grandis  and  N,  BupeU 
lensis  are,  in  France,  the  representatives.  The  Howardian  shell  seems 
almost  intermediate  between  these  two  marked  Corallian  forms. 

>  Yorkshire  Oolites,  pt.  ii.  sec.  2. 
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Neither  in  the  figures  of  Bomer  nor  in  the  lists  of  Braans  ^  do  we 
find  any  species  from  the  Corallian  of  North  Germany,  which  can 
with  any  certainty  he  referred  to  this  one.  It  is  equally  ahsent,  as 
far  as  I  know,  from  the  Corallian  rocks  of  the  rest  of  England, 
and  in  Yorkshire  has  only  heen  found  in  the  Coral  Bag  of  the 
Howardians,  where  casts  of  a  large  depressed  Natica  are  occasionally 
found  and  ih^  shell  sparingly.  It  is  just  possible  that  some  of  these 
specimens  might  be  referred  to  N.  glohosa^  Boemer,  which  Brauns 
places  in  the  Lower  Kimmeridge  of  Hanover,  etc. 

4— Natioa  Clymenia,  D'Orbigny,  1849.     PI.  IX.  Figs.  2a.  and  26. 

Natiea  elytMnia,  D'Orbigny,  1849,  Prodrome,  vol.  i.  p.  353. 
Natica  elymeniay  D*Orb.,  1850,  Terrains  JurasBiques,  yoL  ii.  p.  201^  pi.  292, 

figs.  7  and  8. 

Bibliography,  etc. — It  is  not  without  considerable  hesitation  that  I 
have  concluded  to  rank  this  fossU  as  above  rather  than  with  Natica 
inUrmediaf  M.  &  L.,  which  it  so  much  resembles  in  its  proportions. 
The  specimen  selected  is  smaller  than  the  usual  run  of  this  species, 
which  is  the  most  abundant  of  the  genus  in  Yorkshire.  The  large 
forms  have  more  resemblance  to  D'Orbigny's  figure,  and  there  are 
some  specimens  in  the  Leckenby  Collection  referred  to  N,  Clymenia, 
which  scarcely  di£fer  except  in  size  from  the  shell  now  figured  by  me. 

Whatever  name  we  adopt  for  this  shell,  it  is  essentially  median  in 
its  contour  and  dimensions,  and  presents  features  which  are  inter- 
mediate between  the  depressed  and  elongated  Natica.  It  is,  there- 
fore, one  of  those  common  and  average  forms  which  are  pretty  sure 
to  turn  np  on  several  horizons. 

Description, — Specimen  from  the  Coral  Bag  of  Yorkshire  (Strick- 
land Collection). 

LenjB^  (restored)      47  millimetres. 

Width        38 

Length  of  body-whorl  to  entire  shell    76  :  100. 

Spiral  angle      88*. 

Shell  ovate,  moderately  longer  than  wide  ;  whorls,  five  in  number, 
convex,  smooth  and  slightly  flattened  on  the  upper  margin,  but 
becoming  less  so  in  the  more  adult  portion  of  the  body-whorl. 
Aperture  semilunar,  moderately  wide,  columellar  lip  thick  and 
extended.  Slight  umbilical  notch,  which  appears  to  be  connected 
with  a  rugose  furrow  on  the  back  of  the  shell. 

Relations  and  Distribution, — The  principal  distinction  between 
Natica  Clymenia  and  Natica  intermedia  consists  in  the  slightly  more 
sloping  character  of  the  whorl  in  the  latter  species.  D'Orbigny 
describes  his  shell  as  having  a  strongly  marked  "  flat "  on  the  upper 
part  of  the  whorl,  whilst  the  specimen  figured  by  me  has  only  a 
moderate  one;  the  spiral  angle  and  other  relative  dimensions  are 
very  nearly  the  same  in  both;  but  N.  intermedia  is  a  little  less 
globular  in  outline. 

N,  Clymenia  is  described  as  an  Oxfordian  species,  and  is  quoted 
from  Neuvisi  in  the  Ardennes,  and  from  Trouville  in  Normandy. 
The  Corallian  of  North  Germany  is  poorer  in  Natica  than  the  Coral 
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Bag  of  Yorkshire,  nor  does  there  seem  to  be  any  representatiYe  of 
this  medium-whorled  Natica  unless  it  be  N,  turbiniformia,  Boem., 
as  quoted  by  Brauns.  As  regards  distribution  in  England,  N.  tnler- 
media  is  stated  to  be  far  from  abundant  at  Minchinhampton.  In  Uie 
Coral  Bag  of  Yorkshire,  both  of  the  Scarborough  and  Howardian 
districts,  the  species  now  under  description  is  the  commonest  form,  if 
one  may  judge  from  casts.  It  certainly  occurs  along  with  N. 
buccinoidea  in  the  great  shell  bed  at  North  Grimston. 

6.— Natica  clytia,  D'Orbigny,  1849.    Plate  IX.  Fig.  3. 

Xatiea  eliftin,  D'Orbigny,  1849,  Prodrome,  vol.  i.  p.  353. 

Hatica  clytia,  D'Orbigny,  18d0,    Terrains   Jorassiques,  yol.  ii.  p.  200,  pi.  292. 

figs.  3  and  4. 

Bibliography,  etc. — This  l>elongs  to  a  group  of  Oxfordian  Naticas 
described  by  D'Orbigny  (whose  figure  differs  from  his  description, 
which  consult). 

Description. — Specimen  from  the  Coral  Bag  of  Settrington  railway 
cutting  (my  Collection). 

The  fossil  being  somewhat  imperfectly  preserved,  and  slightly 
crushed,  no  measurements  are  given  ;  but  the  following  obvious 
points,  in  which  it  differs  from  either  of  the  species  already  described, 
may  be  noted. 

The  shell  is  considerably  longer  than  wide ;  the  ratio  of  the  body- 
whorl  to  the  entire  length  of  the  shell  is  less  than  in  either  of  the 
previously  described  species,  whilst  the  spiral  angle  is  of  lower 
value,  indicating  a  shell  which  is  still  median  in  character,  but  in- 
clining to  the  elongated  forms.  There  is  no  tabulation  or  "flatting" 
on  the  top  of  the  whorls,  which  slope  away  regularly  from  the  suture 
with  a  kind  of  droop.  The  body- whorl  is  slightly  ventricose  (unless 
this  appearance  is  the  result  of  crushing),  and  the  aperture  tolerably 
wide. 

Belations  and  Distribution. — The  somewhat  ventricose  character  of 
the  whorl  might  induce  us  to  refer  this  to  the  species  from  the  Great 
Oolite,  where  it  is  described  as  somewhat  rare.  The  shell  under 
consideration  is  not  exactly  either  N.  clytia,  or  N.  formosa.  (See 
Morris  and  Lycett,  Mollusca  of  Great  Oolite,  p.  42,  pi.  vi.  fig.  10.) 
More  typical  representatives  of  N.  clytia  may  be  found  in  the 
Osmington  Oolite,  and  less  vigorous  ones  in  the  Lower  Corallian 
beds  of  the  inland  counties.  No  other  specimen  of  this  group  of 
Naticas  is  known  to  me  from  the  Yorkshire  beds. 

6. — Natica  about  a,  Phillips,  1835.      Plate  IX.  Figs.  4,  5a.  and  b. 

Natica  arguta,  Phillips,   1835.      Geology  of  Yorkshire,  vol.  i.  pp.  101  and  165 

(without  figure  or  description). 

Bibliography,  etc. — There  has  always  been  some  difficulty  about 
Natica  arguta,  as  may  well  be  the  case  when  a  name  is  applied  to  a 
fossil  in  such  a  random  manner.  Phillips  refers  to  Smithes  "  Strata 
Identified,'*  where,  in  the  plate  entitled  "  Coral  Rag  and  Pisolite," 
fig.  2,  there  is  a  well-drawn  figure  of  a  fossil  from  the  Corallian  of 
the  South  of  England,  which  Smith,  at  page  20,  calls  an  Atnpullaria, 

Smith's  figures  do  not  quite  correspond  with  the  specimens  now 
under  consideration,  but  as  these  latter  are,  in  a  great  measure,  in 
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the  condition  of  casts,  the  comparison  is  not  easy.  The  resemblance 
to  the  smaller  shell  (Fig.  4)  is  sufficient  to  connect  it  with  N.  argula, 
and  there  is  the  further  fact  that  the  specimen  (the  property  of  the 
Yorkshire  Philosophical  Society)  has  been  so  labelled  in  their 
Museum. 

It  is  a  very  marked  species,  totally  different  from  any  of  the  three 
previously  described,  and,  as  it  requires  a  name,  there  can  be  no 
harm  in  assuming  that  Natica  arguta  will  fit  it  The  other  specimen 
(Fig.  5),  though  so  much  larger,  can  hardly  be  separated. 

Description  of  Fig.  4. — Specimen  from  the  Corallian  of  Yorkshire 
(Yorksh.  Phil.  Soc.). . 

Length  (restored)     37  millimetres. 

Width  (restored)       23       „ 

Length  of  body- whorl  to  entire  shell     68  :  100. 

Spiral  angle      61". 

The  state  of  preservation  is  not  favourable  to  accurate  description, 
as  the  substance  of  the  shell  is  partly  dissolved  away,  yet  the  general 
contour  cannot  be  mistaken.  Shell  ovate  oblong,  much  longer  than 
wide  ;  whorls  five  or  six  in  number,  smooth,  rounded,  without  any 
flattening  of  the  upper  portion,  which  is  rounded  off,  and  then  falls 
away  steeply  towards  the  base  of  the  whorl.  Outer  lip  imperfectly 
preserved ;  the  inner  lip  shows  a  moderate  callosity,  and  there  is  a 
faint  trace  of  an  umbilicus,  exposed  perhaps  owing  to  the  partial 
wearing  away  of  the  inner  lip.  The  character  of  the  aperture,  and 
indeed  of  the  whole  shell,  is  rather  like  that  of  the  so-called 
PhasianellcB  of  the  Oolites. 

Fig.  5. — Specimen  from  the  Coral  Bag  (?)  of  Slingsby  (Leckenby 
Collection). 

Length  (restored) 63  millimetres. 

Width  (restored)       35      „ 

I^ength  of  body- whorl  to  entire  shell     61  :  100. 

Spiral  angle      62'*. 

This  specimen  is  in  a  similar  mineral  condition  to  the  one  just 
described,  the  surface  of  the  shell  being  much  thinned  away. 
Though  so  much  larger,  the  proportions  are  nearly  the  same,  and, 
except  as  to  size,  the  description  of  one  will  serve  for  the  other. 
There  is  at  first  sight  some  apparent  difference  in  the  contour  of  the 
outer  lip,  but  this  is  probably  due  to  unequal  preservation  of  their 
respective  margins,  the  larger  shell  having  been  broken  away  con- 
siderably anteriorly,  so  that  this  part  of  the  aperture  appears  less 
elliptical. 

Relations  and  Distribution. — As  the  larger  specimen  is,  as  far  as  I 
know,  unique,  I  shall  merely  view  it  as  a  megalomorph  of  the  form 
identified  as  Natica  arguta  (Fig.  4).  In  the  Great  Oolite  of  Minchin- 
hampton,  whose  Naticas,  as  we  have  seen,  so  closely  resemble  those 
of  the  Coral  Bag  of  Yorkshire,  there  is  nothing  with  which  it  can  bo 
compared,  nor  have  I  yet  noticed  the  form  in  the  Corallian  of  the 
Bouth  of  England,  except  as  a  fragment  in  the  Natica  bed  at  the  top 
of  the  Lower  Calc  Grit  near  Cumnor,  However,  Natica  arguta  is 
quoted  by  Whiteaves  from  the  Corallian  of  Oxford. 
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Oar  Yorkshire  species  is  evidently  near  to  Natica  calypso,  D'Orb. 
(T.  J.  vol.  ii.  p.  202,  Atlas,  pi.  292,  figs.  9  and  10),  which  is  oommon 
in  the  Oxfordian  of  Neuvisi  in  the  Ardennes.  D*Orbigny  observes 
that  at  first  sight  his  species  has  more  resemblance  to  a  "  Phasianella" 
than  to  a  Natica,  but  as  he  had  already  described  a  somewhat  similar 
form  which  is  undoubtedly  a  Natica,  he  concludes  to  place  the 
species  named  Calypso  in  this  genus. 

Casts  and  imperfectly  preserved  shells  of  Naiiea  arguia  occur 
sparingly  in  the  Corallian  of  Yorkshire,  but  the  precise  locality 
where  they  have  been  found  is  unknown  to  me. 

Natica  cincta^  Phillips. — No  shell  answering  to  this  figure  (Geol.  of  Yorks.  pi.  it. 
fig.  9)  has  ever  heen  oDserved  hy  me  in  any  collection  from  the  Conllion  beds.  I 
once  saw  the  original  specimen  under  glass  at  the  Leeds  Museum,  and  it  impressed 
me  as  being  more  like  Natica  Leckhamptonetuis^  which  has  been  found  in  some 
Inferior  Oolite  Limestone  near  Castle  Howard  Park.  Professor  Morris  had  also 
arrived  at  a  similar  conclusion. 

EXPLAXATIOX  OF  PLATE  VIII. 

Fio.  1.  Purpuroidea  nodulata^  Y.  and  B.      Coral  Rag  of  Langton  Wold.     Back 

Tiew.     York  Museum. 
„     2.  „  ,,         Another  specimen.    Coral  Rag  of  Langton  Wold. 

Front  view.     York  Museum. 
4.  ,,  ,,  Another  variety,  with  different  style  of  ornaments. 

Coral  Rag  of  North  Grimston.    Back  view.    My 
Collection. 
Za.  and  b,  cf,  tuberosa^  Sow.    Coral  rag  of  Langton  Wold.    Back  and 

front  view.   Leckenby  collection. 

EXPLANATION  OF  PLATE  IX. 

Fio.  la.  and  lb.  Natica  bttccinoidca^  Y.  and  B.     Coral  Rag  of  North  Grimston. 

Front  and  back  views.     My  Collection. 
„     2a.  and  2b.        ,,  ,,        cli/menia,  D'Orb.,  probably  from  the  Coral  Rag  of 

Ijangton  or  Grimston.    Front  and  back  views. 

Strickland  Collection. 
,,3.  ,,  ,,        f/y/ta,  D'Orb.     Coral  Rag  of  Settrington  railway 

cutting.     Front  view.     My  Collection. 
,,4.  ,,  ,,        argutay   Piiil.      Corallian  of  Yorkshire.      Front 

view.     York  Museum. 
,,     ba.  and  b.         ,,  ,,        Larger  tvpo.     Corallian  of  Slingsby.     Front  and 

baclc  views.     Leckenby  Collection. 

{To  be  continued.) 

II. — On  Some  Recent  Classifications  op  Welsh  Pbe-Cambrian 

Hocks. 

By  Prof.  T.  G.  Bonnet,  M.A.,  F.R.S.,  F.G.S. 

TWO  papers,  presented  by  Prof.  Hughes  to  the  Geological  Society 
during  the  last  twelve  months,*  call  for  some  comment  from 
myself,  as  in  many  respects  they  controvert,  directly  or  indirectly, 
opinions  which  I  have  expressed  before  the  same  Sixjiety.'  In  the 
debates  which  followed  I  objected  to  the  imperfect  evidence  on  which 
these  criticisms  were  founded ;  and  as  the  author  repudiated  with 
some  warmth  my  right  to  demand  that  conclusions  founded  not  only 
on  field  work,  but  also  on  microscopic  study,  should  not  be  assailed 
from  the  former  point  of  view  alone,  I  will  venture  to  state  the 

»  Read  May  14,  1879,  and  Feb.  25,  1880. 

2  Quart.  Joum.  Geol.  Soc.  vol.  xxxy.  pp.  309,  321. 
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reasons  why  I  so  did,  and  intend  so  to  do  on  any  future  occasion  that 
may  arise.  Evidence  in  the  field,  doubtless,  is  sometimes  so  clear 
that  we  need  not  call  in  the  microscope.  No  one,  however,  can  assert 
this  to  be  the  character  of  the  rock  testimony  in  the  district  for  some 
miles  on  either  side  of  the  Menai  Straits.  Professor  Hughes's  pub- 
lished sections  look  very  clear ;  but  I  may  remark,  without  offence, 
that  they  are  more  distinct  on  paper  than  in  nature.  Further,  the 
questions  debated  in  these  papers  are  exactly  those  where  microscopic 
study  is  essential  in  order  to  attain  to  anything  like  a  sure  conalusion. 
I  am  well  aware  that  mountains  must  not  be  looked  at  through  the 
microscope  only — I  never  have  so  worked  or  will  so  work  at  any 
petrological  question  ;  but  I  do  assert,  after  seven  years'  experience 
with  the  instrument,  that  all  conclusions  as  to  the  minute  constituents, 
amount  of  metamorphism,  and  precise  nature  of  these  old  rocks,  must 
be  thoroughly  tested  with  the  microscope  before  we  can  accept  them. 
I  know  from  this  experience  that  even  well-trained  eyes — those  I 
mean  of  observers  versed  in  the  special  study  of  rocks,  both  with 
and  without  the  microscope — have  been  occasionally  deceived,  when 
they  alone  were  trusted.  Professor  Hughes  seems  to  reason 
(for  otherwise  his  complaint  is  meaningless)  as  if  the  results  of 
microscopic  lithology  were  at  present  all  in  uncertainty.  Were  this 
the  case,  years  of  hard  work,  by  not  unqualified  observers,  would 
have  been  lamentably  wasted.  But  though,  as  all  such  observers  know 
well,  we  have  yet  much  to  learn,  there  are  many  points  on  which 
we  are  certain  of  our  conclusions.  What  would  have  been  thought, 
some  sixty  years  since,  of  any  geologist  who  had  insisted  on  corre- 
lating strata  "  by  tracing  the  great  rock-masses  in  the  field  "  only, 
without  paying  any  attention  to  their  fossil  contents?  Yet  micro- 
scopic lithology  is  now  as  important  a  study,  and  in  about  the  same 
position  as  Palasontology  was  then. 

I  may,  indeed,  even  venture  to  say  that  the  internal  evidence 
of  Prof.  Hughes's  paper  leads  me  to  conclude  that  he  is  so  sceptical 
of  the  value  of  microscopic  study  as  to  be  quite  insensible  to  consi- 
derations which  would  seriously  disquiet  most  petrologists.  To  take 
one  example  only :  we  have  in  N.W.  Carnarvonshire,  below  the 
Cambrian  conglomerate,  (1)  a  granitoid  series,  (2)  a  mass  of  quartz 
felsites  representing  old  rhyolitic  lavas,  (3)  a  group  of  slates  and 
breccias.  Dr.  Hicks  regards  these  as  three  totally  distinct  series 
separated  by  very  considerable  breaks.  I  do  not  feel  quite  so  certain 
of  the  great  separation  of  (2)  and  (3) ;  but  Prof.  Hughes  considers, 
as  he  says,  that "  there  is  no  unconformity  visible  between  the  groups, 
whether  we  accepted  the  brackets  drawn  by  Dr.  Hicks,  or  those 
which  I  proposed."  *  Further  on,  speaking  of  the  granitoid  rock  of 
Twt  Hill,  in  the  lowest  part  of  the  series,  he  says,  "  It  is  doubtful 
whether  any  specimen  taken  from  the  heart  of  this  rock  has 
exhibited  clear  evidence  of  a  fragmental  origin."  I  suppose,  then, 
this  means  that  Prof.  Hughes  is  not  satisfied  whether  the  rock  is 
a  granite  or  a  granitoid  gneiss.  Apparently,  however,  he  does  not 
perceive  that  in  expressing  this  doubt,  he  is  placed  in  the  following 

*  Quart.  Joum.  Geol.  Soc.  toI.  xxiIt.  p.  682. 


300        Prof.  T.  G.  Bonney— Welsh  Pre-Cambriam  BodkM. 

dilemma.  If  the  rock  b  granite  (and  that  carries  some  of  the  rock 
at  Port  Dinorwie),  how  do  we  explain  the  immediate  Boooesskm  to  it 
of  a  rock  which  la  almost  a  rhyolite:  for  sorely  the  one  would 
naturally  be  regarded  as  connected  with  the  other?  If,  however, 
the  rock  is  a  gneiss,  and  simply  the  lowest  member  of  a  oontinnoos 
series,  how  do  we  explain  the  presence  above  it  of  a  scarcely  altoed 
rhyolite,  and  above  that  of  a  very  slightly  altered  series  of  slaty  and 
other  beds  ?  These  are  serioas  difficalties  which  I  think  should  not 
have  been  passed  over  in  silence.  It  is  also  rather  new  to  me  to 
find  apparently  a  brecciated  aspect  in  a  lava  flow  used  as  of  dassi- 
factory  value  (p.  687; ;  indeed  the  author's  petrology  in  this  page 
puzzles  me  more  than  once. 

I  proceed  then  to  deal  in  detail  with  some  of  his  criticisms,  com* 
mencing  with  the  granitoid  series  which  extends  from  Twt  Hill  to 
above  Port  Dinorwia  There  are  certain  grits  and  conglomerates 
cx(>08ed  on  Twt  Hill  (to  N.E.  of  the  summit),  at  intervals  over  the 
tract  of  granitoid  rock  towards  the  N.E.  of  Carnarvon,  and  lastly 
near  Careg  Goch,  above  Port  Dinorwic:  these  he  holds  to  be 
one  and  the  same  set  of  beds,  and  considera  them  representatives 
of  the  Cambrian  conglomerate,  brought  into  their  present  position 
by  faulting.  As  to  the  identity  of  these  beds,  I  feel  now  satisfied,^ 
but  I  am  by  no  means  able  to  admit  that  they  can  be  reckoned 
with  the  Cambrian  series.  At  Twt  Hill  we  have  in  more  than 
one  place  a  fairly  continuous  section  from  the  true  granitoid 
rock  to  the  conglomerate.  Obviously  the  possibility  that  the 
conglomerate  might  be  made  up  from  the  granitoid  rock,  like  the 
Arkose  of  Auvergne,  at  once  presented  itself;  but  though  I  have 
twice  examined  the  section,  the  second  time  most  minutely,  I  can 
find  no  break  between  the  two  rocks.  Dr.  Callaway,  after  examining 
the  section  "  inch  by  inch,"  confirms  my  view,  stating  also  that  he 
has  found  a  like  conglomerate  in  a  similar  position  in  Anglesey  (p. 
118).  The  occasional  appearance  of  fragments  of  schist  among  the 
quartz  pebbles,  which  chiefly  compose  the  conglomerate,  doubtless 
seems  to  favour  the  view  that  it  is  later  than  the  granitoid  rock ; 
still,  this  evidence  is  not  conclusive,  for  we  do  not  know  the  relation 
of  that  to  the  schist.  Even  if  it  were  proved  that  this  conglomerate 
were  made  up  from  the  materials  of  the  rook  on  which  it  rests,  I 
could  not  believe  it  to  be  of  Cambrian  age,  because  the  microscope 
shows  that  its  matrix,  and  the  finer  bands  intercalated  with  it,  are 
much  more  highly  altered  than  is  the  case  with  the  Cambrian 
rocks.  Further,  I  have  never  yet  seen  a  felsite  pebble  in  this  con- 
glomerate or  detected  a  fragment  under  the  microscope,  yet  that 
rock  abounds  in  every  known  exposure  of  the  Cambrian  conglome- 
rate ;  and  at  Twt  Hill  itself,  within  a  short  distance,  there  is  some 

^  I  was  formerly  inclined,  from  the  evidence  of  strike  and  in  defect  of  proof  of 
faultH,  to  place  the  Carcg  Goch  ^ts  on  a  lower  position  than  those  of  Twt  Hill,  but 
Bub.scH|ucut  examination  has  shown  me  that  I  was  misled  (partly  by  defects  on  the 
ma»)  on  the  former  occasion,  and  that  there  is  good  reason  to  infer  the  presence  of 
faultH,  which  cause  the  general  trend  of  the  beds  to  correspond  more  nearly  with  the 
line  of  the  ridges. 
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intrusive  felsite.*  Also,  admitting  the  identity  of  the  Careg  Goch 
conglomerate  and  grit  with  that  at  Port  Dinorwic,  there  is  strong 
evidence  to  show  the  improbability  of  its  being  later  than  the  felsite. 
We  are  here  within  a  very  short  distance  of  the  edge  of  a  great 
mass  of  the  latter  rock,  yet  no  trace  of  it  even  with  the  microscope 
can  be  found  in  the  former.  Again,  we  find  this  conglomerate  at 
the  back  of  a  row  of  white  cottages  (at  Tan-y-maes),  and  pick  it  up  in 
the  patb  in  front  This  path  then  descends  a  rocky  step  to  the  side 
of  a  little  stream.  The  main  mass  of  the  felsite  is  to  be  seen  at 
Tan-y-perthi,  a  very  short  distance  to  the  N.N.E.  The  rock,  where  the 
path  descends,  resembles  the  granitoid  series,  but  on  examination 
proves  to  be  a  spherulitic  quartz-felsite.  Thus,  either  the  conglome- 
rate is  dropped  into  a  notch  in  the  felsite,  and  one  portion  of  this 
has  assumed  a  very  unusual  structure,  or  the  spherulitic  felsite  is 
intrusive.     The  annexed  diagram  will  give  a  general  idea  of  the 

Bough  Diagram  of  relation  of  rocks  between  Tan-y-maes  and  Tan-y-perthi. 
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A  Felsite.  B  Spherulitio  Felsite. 

C  Exposure  of  Conglomerate  and  Grit.  D  Stream. 

relations  of  the  rocks.  The  evidence  is  not  indeed  absolutely  con- 
clusive, but,  as  it  seems  to  me,  the  probability  is  so  great,  that  the 
burden  of  proof  lies  on  the  other  side.* 

Proceeding  now  to  the  district  on  the  north-eastern  edge  of  this 
great  mass  of  felsite,  I  described — in  ascending  order — (1)  a 
purplisb  felsitic  grit ;  (2)  a  series  of  slates  and  beds  of  agglomerate 
or  breccia  (Tairffynnon),  which  terminate  with  a  peculiar  breccia, 
containing  much  purple  slate,  which  is  seen  near  Cae  Seri ;  then  (3) 
a  slaty  and  agglomeratic  series  (Bangor  Beds  of  Prof.  Hughes). 
(1)  and  (2),  speaking  in  general  terms.  Prof.  Hughes  suppresses, 
regarding  every  grit  or  rock  with  felsite  fragments  as  merely  Cambrian 
conglomerate  repeated  by  faults.  I  confine  my  remarks  at  present 
mainly  to  the  district  on  the  eastern  side  of  the  fault,  which  runs 
near  the  line  of  the  Bangor-Carnarvon  road.  First,  then,  the  above 
grit — which  we  trace  along  the  edge  of  the  felsite  near  Brithdir  Farm 
down  towards  the  valley,  pick  up  on  the  other  side  of  the  fault  by 
the  road  side,  again  near  a  farm-house  higher  up  the  hill,  and  in  the 
road  by  Beulah  chnpel — in  all  these  places  is  in  close  sequence  with 
the  felsite,  and  is  composed  of  detritus  from  it.  We  observe  a 
parallel  case  in  the  grit  overlying  the  yellowish  felsite  on  Conway 
Mountain,  and  at  Diganwy.  Is  it  not,  then,  rather  a  singular  coinci- 
dence that,  if  this  purplish  grit  be  dropped  down  by  a  great  fault, 
cutting  out  all  the  Bangor  series,  it  should  be  so  completely  made 
up  of  the  detritus  of  the  felsite,  and  should  come  for  so  great  a 

^  Discovered  by  Mr.  Tawney. 

'  Certain  reasons  connected  with  the  proximity  of  the  cottages  make  it  difficult, 
especially  in  siunmer  time,  to  examine  the  ground  inch  by  inch. 
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distance  in  such  exact  suooession?    Further,  this  fault  must  bend 
round  in  a  very  odd  manner,  for  I  have  followed  the  grit  to  a  spot 
on  the  steep  hill-side  overlooking  the  above-named  valley  (to  me 
the  Survey  Map,  though  less  detailed,  seems  more  correct  here  thsn 
that  given  by  Prof.  Hughes)  where  Uie  grit  is  conglomeratic,  as  in 
some  places  near  the  entrance  to  Brithdir  Farm.     Again,  on  both 
sides  of  the  fault,  slate  appears  to  succeed  the  grit     Next  I  havs 
detected  the  peculiar  agglomeratic  rock  of  Tairffynnon  in  the  field 
on  the  top  of  the  hill,  to  the  north. ^    Of  the  identity  of  these  rocb 
there  can  be  no  doubt,  and  their  structure,  full  of  lapilli  of  variou 
kinds,   and  angular    fragments  of   rhyolitic   rock   (obviously    not 
transported  from  far,    so  that  they  might  even  be  true  volcanio 
deposits),  dififers    very   widely   from  that  of   any    acknowledged 
Cambrian  conglomerate  which  I  have  examined.     All  these  I  have 
studied  microscopically,  and  this  is  one  of  the  questions  where  such 
evidence  is  of  high  value.     Further,  I  have  now  traced  the  peculiar 
rock  of  Cae  Seri  as  far  as  Bryn  Dreiniog  Farm,  perhaps  two-thirds  of 
a  mile,  showing  it  to  be  a  very  persistent  bed.     This  extensive 
group  of  rocks — distinguished  microscopically  by  the  presence  of 
lapilli  and  rhyolitic  fragments — which  we  find  at  intervals  over  the 
country'  about  Tairffynnon,  Perfyddgoed,  Cae  Seri,  and  the  ridge  on 
the  eastern  side  of  the  Carnarvon  road  as  far  as  the  Poorhouse,  is  far  too 
thick  to  represent  the  true  Cambrian  conglomerate  with  its  rounded 
pebbles  of  felsite  and  uiiscellaneous  rocks,  and,  as  above  shown,  is  too 
constant  in  the  succession  of  its  varied  members  to  be  regarded  as 
that  conglomerate  repeated  by  numerous  faults.     May  we  not  also 
express  a  little  surprise  that  these  faults    should  have  always  so 
cleverly  cut  out  the  characteristic  Bangor  beds,  6ver  this  wide  area, 
and  have  simulated  a  true  succession  ? 

I  pass  now  to  the  western  side  of  the  above-named  fault.  Here,  as 
described,  I  can  track  the  felsitic  grit  for  a  considerable  distance,  and 
have  picked  up  iu  a  little  spinney  (all  but  opposite  to  the  junction 
of  the  Birthdir  lane  with  the  main  road)  a  rock,  which  I  think  we 
may  safely  regard  as  representing  part  of  the  Tairffynnon  series. 
Afterwards  I  confess  I  am  utterly  perplexed,  though  I  do  not  find 
that  Prof.  Hughes's  arrangement  helps  me  more  than  my  own.  On 
his  theory  we  have  all  the  Bangor  series  cut  out.  On  mine  the 
disappearance  of  almost  everything  above  the  purple  felsite  grit  is 
no  less  perplexing.  On  both,  the  position  of  the  thick  bed  of  con- 
glomerate, extending  from  the  east  entrance  of  the  western  tunnel 
at  Bangor  to  the  back  of  Belmont  House,  is  very  anomalous.  I  find 
a  conglomerate,  identical  as  it  seems  to  me  with  this,  exposed  in  a 
byway,  near  the  gate  of  Gorphwysfa,  leading  down  to  a  small 
farm,  and  on  the  other  side  of  the  felsite.  More  than  once  I  have 
asked  myself  whether  this  conglomerate  may  not  be  identical  with 
that  of  Brithdir?  But  whichever  it  be,  its  position  is  most  per- 
plexing. This  district  seems  to  me  to  be  completely  broken  up  by 
faults,  and  far  less  regular  than  that  on  the  eastern   side  of  the 

*  On  map,  about  half-way  between  /  in  Trawscanol  and  T  in  Tair%nnon. 
'  Part  of  that  which  IVof .  Hughes  admits  he  has  not  worked  out.  Quart.  Joura. 
GeoL  ISoc.  yoL  xxxiy.  p.  687 ;  the  key  of  the  position  as  it  seems  to  me. 
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Carnarvon  road.  Nothing,  however,  that  I  have  seen,  after  a 
careful  re-examination  (in  company  with  Mr.  Houghton)  of  the 
whole  district,  causes  me  to  douht  the  general  correctness  of  my 
original  reading.  It  seems  to  me  not  only  simpler  than  that  of 
Prof.  Hughes,  hut  also  in  accordance  with  the  microscopic  structure 
of  the  rocks ;  while  his  requires  the  identification  of  rocks  which  have 
only  superficial  resemblances  and  real  difibrences. 

I  turn,  in  conclusion,  to  Prof.  Hughes's  recent  paper  on  Anglesey, 
read  before  the  Geological  Society  on  the  25th  of  February.^  Here, 
after  establishing  by  fossil  evidence  a  very  important  point,  viz.  the 
existence  of  Tremadoc  and  Arenig  beds  in  that  island,  he  proceeded  to 
identify  what  he  terms  the  **  gnarled  schists  "  with  the  Bala  series  of 
the  mainltmd — supporting  this  view  by  the  assertion  that  the 
appearance  of  metamorphism,  which  had  hitherto  led  every  one  to 
bestow  the  name  of  schists  on  these  beds,  was  only  superficial  and 
illusory;  for  in  reality  they  were  but  slightly  altered.  To  this 
series  he  referred  the  beds  on  the  northern  shore  of  the  Menai  Straits, 
in  the  neighbourhood  of  Valley  and  Holyhead,  and  in  other  places 
which  I  have  not  visited.  Now,  I  do  not  pretend  to  have  examined 
every  rock  in  these  two  districts ;  but  I  have  seen  a  good  deal  of 
them,  and  have  investigated  microscopically  specimens  which  appear 
similar  to  those  exhibited  at  the  Society's  meeting  by  Prof.  Hughes. 
For  example,  as  types  of  the  beds  in  the  former  district,  I  have  had 
slices  cut  from  two  schists,  one  from  very  near  the  Menai  Bridge, 
another  from  a  quaixy  just  outside  that  village,  on  the  Beaumaris 
road ;  and  from  two  rather  chloritic-looking  massive  rocks,  one 
beyond  Glyn  Garth  on  the  same  road,  another  by  the  shore,  about 
300  yards  from  the  gas  works,  west  of  the  bridge.  Without 
discussing  the  details  of  their  mineral  composition,  it  is  enough  for 
my  present  purpose  to  say  that  all  four  are  metamorphic  rocks  in  the 
fullest  sense  of  the  word,  no  certain  trace  being  now  left  of  their 
original  constituents.  Again,  I  have  examined  the  dull  lead-coloured 
or  greenish  schists  from  the  shore  south  of  Valley  station  (near  the 
serpentine),  and  on  the  neighbouring  island  reached  by  Four  Mile 
Bridge ;  these  also,  like  the  others,  are  true  foliated  rocks.  Again, 
I  have  examined  a  contorted  homblendic  schist  from  near  Holland 
Arms,  and  a  contorted  lead-coloured  schist  collected  near  to  the 
road  going  from  Holyhead  to  the  Stack  Rocks — these  are  very  highly 
altered.  In  short,  if  all  these  are  not  as  much  metamorphic  rocks  as 
any  mica-schist  from  Scotland  or  Switzerland,  then  I  have  yet  to 
learn  what  constitutes  that  class  of  rock.'  With  the  evidence  of  the 
microscope  in  this  direction,  and  evidence  in  the  field  at  best  (as 
Prof.  Hughes  seems  to  admit)  far  from  strong,  we  are,  I  think, 
justified  in  refusing  to  recognize  Bala  Beds,  whether  altered  or 
unaltered,  in  the  Anglesey  schists. 

^  Published  while  this  paper  is  passine  through  the  press  in  vol.  xxxvi.  of  the 
Quarterly  Journal  (p.  237).  The  author,  however,  has  almost  suppresscHl  the  portion 
of  the  paper  in  which  this  theory  was  enunciated  (see  p.  183  of  this  Magazine). 

'  Knowing  that  Mr.  S.  Allport  had  also  examined  some  of  these  rocks,  I  wrote  to 
ask  his  opinion.  lie  indorses  my  view,  especially  as  to  the  Holyhead  schists,  which 
be  has  recently  studied,  in  the  strongest  terms. 
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III. — A  CoXTRIBCTIOir  TO  THE  StUDT  OF  THS  BRITISH  CASBOSDrEBOVB 

TUBICOLAB   Ay^ELIDA. 

Bj  R.  Ethz&idgb,  Jnn^  F.G.S.,  FJl.P.S.£dm. 

(Continued  fnm  p.  266.) 

9. — SpirorhU  Dawsoni,  sp.  nov.     (Plate  Vll.  Figs.  26,  27.) 

Sp,  char. — Tube  small,  sinistral,  narrow,  increasiDg  but  little  in 
size  towards  the  aperture,  very  narrow  and  fine  towards  the  apex ; 
volutions  not  in  the  same  plane,  somewhat  raised,  with  a  sunken 
apex,  rather  deeply  umbilicated  on  the  attached  side ;  section  circular. 
Surface  marked  with  faint,  regular,  equidistant,  transverse  ridges, 
which  are  more  marked  along  the  union  of  the  whorls  (or  **  suture  **) 
than  on  the  periphery  or  back  of  the  last  volution. 

06s. — This  is  one  of  the  few  sinistral  species  of  Spirorbig  we  have 
in  the  British  Carboniferous  Limestone.  Irrespective  of  this 
character,  its  small  size,  few  volutions,  and  narrow  vermiform  tube 
will  mark  it  as  peculiar.  It  is  otherwise  distinguished  from  8, 
tpinosa  and  S,  caper atus  by  the  style  of  the  ornament,  and  from  & 
amhiguus  by  its  less  robust  appearance  and  absence  of  the  broad  bsck 
of  the  latter  species.  Another  character  which  appears  to  be  peculiar 
to  it  is  the  prominence  of  the  transverse  ridges  along  the  inner  side 
of  each  volution.  I  have  much  pleasure  in  naming  this  after  Dr.  J. 
W.  Dawson,  who  has  been,  in  a  great  measure,  instrumental  in 
bringing  to  light  the  true  history  of  these  worm -tubes. 

Loc.  and  Horizon. — On  the  shore,  opposite  the  "Vaults,"  near 
Dunbar,  in  shale  over  the  Vaults  Limestone ;  on  the  shore  to  the 
east  of  Seafield  Tower,  near  Kirkcaldy,  in  shale  over  the  Seafield 
Sandstone,  both  horizons  being  in  the  Lower  Carboniferous  Lime- 
stone Group  {Mr.  J.  Bennie). 

10.— Sptrorhis  (or  Serpula  ?),  sp.  (Plate  VH.  Fig.  28.) 
Ohs. — I  have  met  with  a  few  fragments  of  free  tubes,  which 
appear  to  be  characterized  by  very  strong,  and  somewhat  imbricating, 
accretion  ridges,  bearing  a  general  resemblance  to  those  seen  in 
Serp.  scalarisy  M'Coy,*  but  much  more  numerous,  and  the  tube  very 
much  smaller. 

Although  the  fragments  are  in  no  way  sufficient  for  description,  it 

is  well  to  mention  them   in  case  more  perfect   specimens   are  in 

existence  in  private  collections.    They  are  distinct  from  S.  Annstrongi. 

Loc.  and  Horizon. — Skateraw  Quarry,  near  Dunbar,  in  shale  above 

the  limestone ;  Burlage  Quarry,  at  a  similar  horizon  (Mr.  J,  Bennie). 

II. — Genus  Serpulites,  Macleay,  1839. 

SerpulileSf  Macleay,  in  Murchison's  Sil.  Syst.  1839,  p.  700. 

„  „        Annals  Nat.  Hist.  1840,  iv.  p.  387. 

„        M'Coy,  Brit  Pal.  Foss.  1851,  fascic.  i.  p.  132. 
CampylUes,  d*Eichwald,  Bull.  Soc.  Nat.  Moscou,  1856,  No.  2,  p.  408. 

„  d'Eichwald,  Lethaia  Rossica,  1860,  i.  p.  675. 

Gen.  char. — Tube  smooth,  arched,  slightly  calcareous,  glossy; 
having   two   small   longitudinal  tubes   at   opposite  points   of  the 

»  M'Coy,  Carb.  Foss.  Ireland,  1844,  p.  169,  t.  23,  fig.  29. 
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circumferenoe  (the  convex  and  ooncave  faces  of  the  carve),  stronger 
than  the  rest  of  the  shell,  and  prolonged  at  the  posterior  end  {I/tCoy), 

Obs, — ^In  neither  of  the  papers  in  which  Mr.  Macleay  proposed  the 
name  Serpidites  was  the  genus  defined,  and,  so  far  as  I  am  aware,  one 
of  the  few  definitions  which  have  appeared  is  that  hy  Prof.  M'Coy. 

The  Chevalier  d*Eichwald  used  the  term  Campyliiea  (non  Campu- 
lites,  Deshayes)  for  such  worm-tuhes,  and  ascribed  the  name  to  one 
of  the  Sowerbys,  but  I  have  been  quite  unable  to  find  a  trace  of 
Buch  a  genus  in  any  of  their  writings.  It  is  not  given  in  either 
Agassiz's  **  Nomenolator,"  Bronn's  "  Index,"  Morris's  "  Catalogue," 
Pictet's  •*  Paleontologie,"  Geinitz's  "  Grundriss,"  Marschall's  "  No- 
mendator,"  Miller's  "  Catalogue,"  or  any  work  of  the  kind  I  have 
been  able  to  consult  Under  any  circumstances,  unless  prior  to  the 
proposal  of  Serpulites  in  the  **  Silurian  System,"  the  name  Campylites 
will  not  stand  as  a  substitute  for  SerpuliteB,  for,  although  the  latter 
was  not  defined  for  some  years  after  its  first  enunciation,  its  stability 
is  insured  by  the  description  and  figuring  of  the  type  species, 
8.  UmgisBimus  (Macleay,  in  Murchison's  Sil.  Syst.  1839,  p.  700). 

Prof.  M'Goy  has  shown  that,  in  at  least  two  British  species  of 
Serpulites,  opposite  points  of  the  circumference  of  the  tube  were 
thickened,  forming  two  longitudinal  ridges,  not  due  to  pressure.  A 
similar  structure  has  been  shown  to  exist  in  a  Canadian  Silurian 
species  by  the  late  Mr.  Billings,  viz.  S.  disaolutus,  Bill.,*  in  which 
there  is  an  elevated  wire-like  margin  running  the  whole  length  of 
the  tube.  Serpulites  dispar,  Salter,  and  S,  longisaimuSy  Murch.,  also 
possess  this  raised  border.  Numerous  species  of  Serpulites  have  been 
described  by  authors  in  which  these  thickened  edges  of  the  tubes 
have  not  been  observed.  It  becomes  a  question,  therefore,  whether, 
seeing  the  occurrence  of  this  character  amongst  so  many  species,  it 
will  not  be  necessary  to  look  upon  it  as  of  generic  value,  and,  in 
consequence,  eliminate  from  Serpidites  all  those  tubes  in  which  it  has 
not  been  observed. 

The  term  Serpulites,  before  being  employed  by  Macleay,  was 
made  use  of  by  both  Blumenbach  and  Schlotheim  in  a  generic  sense. 
The  former  described  Serpidites  coaeervatus  in  his  "  Specimen 
ArchsBologisB  telluris  terrarumque  imprimis  Hannoveranarum "  as 
early  as  1803.*  whilst  the  latter  named  several  species  in  1820,^  but 
as  those  of  both  authors  have  since  been  referred  to  Serpvla,  the  name 
Serpulites  remains  open  to  be  employed  in  the  sense  proposed  by 
Macleay. 

The  following  list  comprises  those  Serpulites  possessing  bordered- 
tubes,  or  otherwise,  with  which  I  am  acquainted  : — 

1.  Silurian. 

a.   With  bordfrs,  b.   Without  borders. 

Serpulites  dispar^  Salter.  Serpulites  Murehisoni,  Hall. 

„         longissimus,  March.  „        eurtus,  Salter. 

„         dissolutus,  Billings.  „        perversus^  M'Coy. 

„       Jistula,  HalL 

1  Canad.  Pal.  Foss.  i.  p.  56. 

*  P.  22,  t.  2,  £.  8.  '  Die  Petrefactenkimde,  etc.,  p.  96. 

DBCASB  II. — vox.  Yn.—HO,  VII.  1Q 
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2.  Cabboniferous. 

A.    mth  borders, 
Serpulttes  earboMariui,  M'CoT. 
y,         mtmbranaeeuSf  M^Coy. 

U.-^Serpulites  carhonartus,  M*Coy.    (Plate  VII.  Fig.  29  and  29a, I.) 

Serpulitea  earbimariut,  M*Cov,  Svaop.  Carb.  Lime.  Fo«.  Ireland,  1844,  p.  170, 1 23. 

f.  32.  ' 

>,  „  M'Coj,  Brit.  Pal.  Fo88.  1851,  fas.  L  p.  181. 

y*  M  Moms,  Cat.  Brit.  Foss.  1854,  2nd  ea.  p.  93. 

P  CampyliUM  carbonariuM,  Eichwald,  Bull.  8oc.  Nat  de  Mosoou,  1856,  No.  2,  p.  408. 
^       n  tf  Eichwald,  Letheea  Rossica,  I860,  i.  p.  676. 

Sttpuliiii  „  YouDjET  and  Armstrong,  Cat.  W.  Scott  Foss.  187,  p.  42. 

fy  ,,  Etheridge,  jun.,  Quart.  Joum.  Geol.  Soc  1878,  xxxif.  p.  0, 

t  1,  f.  3. 

n  „  Bigsby,  Thes.  Dev.-Carb.  1878,  p.  243. 

Sp,  char. — Tul)e8  varying  in  size,  elongated,  thin,  shelly,  and  from 
one  and  a  half  to  three  lines  in  width ;  rihbon  like,  hat  not  andnlited, 
intertwined,  or  contorted;  lateral  thickened  ridges,  strong  and 
persistent  Surface  shining  and  smooth,  or  with  very  fine,  broken, 
longitudinal  striaa. 

068. — Although  by  far  the  most  abundant  Serptdites  in  tlM 
Carboniferous  beds  of  Scotland,  and  by  no  means  rare  in  England, 
is  seldom  found  with  the  posterior  terminal  tubes  preserved.  It  is 
invariably  met  with  in  the  form  of  a  compressed,  or  flattened,  elon- 
gated, narrow  tube,  usually  more  or  less  shining,  and  very  frequently 
poRSCH&ing  a  delicate  bluish  or  bluish- white  bloom  arising  from  the 
formation  of  an  amorphous  form  of  Vivianite,  or  Phosphate  of  Iron. 
I  beliovo  these  Serpulitra  tubes,  like  the  genera  Lingula,  Conularia, 
and  a  few  others,  to  have  possessed  a  fair  quantity  of  homy,  or 
chitiiious  matter  in  their  composition. 

The  lateral  thickened  ridges  are  usually  well  shown,  and  appear 
to  terminate  in  the  posterior  bifurcation.  The  length  is  considerable, 
reaching,  according  to  M'Coy,  upwards  of  five  inches,  although  I 
have  not  measured  one  quite  so  long  as  this.  In  certain  examples 
colloctcd  from  the  Wardie  Shales  of  the  neighbourhood  of  Edinburgh 
I  found  the  surface  to  be  delicately  longitudinally  striate;  instead 
of  simply  smooth  and  plain,  as  is  usually  the  case. 

From  Scrpula  (Serpulites)  compreaaaf  Sow.,  the  present  species  is 
distinguished  by  its  narrow,  elongate  form,  two  lateral  thickened 
ridges,  and  the  absence  of  the  elliptical  section  of  the  former.  From 
the  next  species  to  be  described,  5.  membranacevSt  it  is  less  easily  dis- 
tinguished, the  points  relied  upon  for  separation  being  more  those  of 
degree  than  actual  diflference,  S.  membranaceus  being,  so  to  speak, 
much  larger,  more  delicate  in  structure,  less  shelly,  and,  so  far  as 
I  know,  without  the  two  elongated  posterior  tubes,  although  it 
possesses,  according  to  M*Cov,  similar  thickened  margins. 

Loc.  and  Horizon, — /{?.  carhonariaa  occurs  in  a  bed  of  marine  shale 
in  the  Wardie  shale  IkhIs  of  the  L.  Carboniferous  (Calciferous  Sand- 
stone Series),  at  Woodhall,  Water  of  Leith,  near  Edinburgh.  It  is 
met  with  in  the  Carboniferous  Limestone  Series,  both  of  the  east  and 
west  of  Scotland,  in  some  abundance  and  at  various  horizons,  being 
plentiful  in  shale  at  Whitfield  Quarries,  near  Carlops, 
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Peebles-sliire  (Mr.  J.  Bennie),  Prof.  Q.  A.  Lebour  informs  me  that 
this  species  is  very  oharacteristio  of  the  4  fathoms  limestone,  high  up 
in  the  Northumbrian  Carboniferous  Limestone  Series,  at  Denwick, 
near  Alnwick. 

12.  Serptdites  memhranaceus,  M'Coy. 

S,  membranaceutf  M*Coj,  Synop.  Carb.  F088.  Ireland.  1844,  p.  170,  t.  23,  f.  31. 
„  Moms,  Cat.  Brit.  Foes.  1864,  2iid  ed.  p.  93. 

„  Bigsby,  Thes.  DeT.-Carbonif.  1878,  p.  243. 

Sp.  char. — ^Tube  elongate,  curved,  thin,  more  or  less  flattened,  and 
membranaceous.     Margins  thickened ;  surface  generally  wrinkled. 

05a.— Whether  this  will  stand  the  test  of  future  research  as  a 
species  is,  I  think,  doubtful.  It  appears  to  be  separated  from  S. 
carhonariua  by  such  very  trivial  characters  that  I  have  doubts  of  its 
stability.  Size  apparently  is  the  chief  difference  between  the  two, 
although  we  have  intermediate  examples  which  bridge  over  the 
gap.  If  the  size  shown  by  M 'Coy's  figured  example  is  a  constant 
character,  then  probably  8.  memhranaceus  is  a  good  species.  On  the 
other  hand,  we  meet  with  examples  of  S,  carhonariua  of  the  typical 
size  covering  slabs  of  shale  intermingled  with  flattened,  bi-ridged 
tubes  of  much  greater  dimensions,  and  of  several  sizes,  and  possess- 
ing otherwise  all  the  characters  of  the  smaller  tubes,  which  are 
undoubtedly  S.  carhonariua.  If  these  ai'e  parts  of  one  and  the  same 
organism,  and  there  does  not  seem  any  reason  to  doubt  it,  then  I  do 
not  see  why  the  form,  known  as  S.  memhranaceus,  should  not  repre- 
sent the  largest  condition  of  growth. 

A  slab  of  shale  in  the  Museum  of  Practical  Geology  from  Lesma- 
hagow  has  such  a  mass  of  tubes  on  its  surface,  llie  smallest  of  these 
measures  nearly  a  line  and  a  half  in  width,  whilst  the  largest  tube 
present  is  four  lines  broad.  If,  therefore,  there  is  this  marked 
difference  between  the  extremes  of  portions  of  what  are  to  all  intents 
and  purposes  the  same  species,  it  is  just  possible  M'Coy's  S.  memhra- 
naceus may  only  represent  an  individual  of  still  larger  growth, 
notwithstanding  that  its  width  is  six  lines.  The  only  difference 
between  the  latter  and  the  form  I  am  now  referring  to  is  the 
wrinkled  integument,  the  latter  being  in  the  specimens  quite  smooth.^ 
One  strong  point  in  the  argument  against  the  identity  of  S,  carhona- 
rius  and  S.  memhranaceus  lies  in  the  fact  that  at  certain  localities, 
for  instance.  Teases  Quarry,  near  Lund  in,  Fife,  the  former  occurs  in 
quantity,  but  always  the  small  form,  and  of  one  uniform  size. 

This  question  is  one  which  can  much  more  readily  be  settled  by 
close  examination  in  the  field  of  large  beds  of  these  peculiar  worm- 
tubes,  and  must  for  the  present  remain  open. 

Loc,  and  Horizon. — Messrs.  Armstrong  and  Young  "^  give  several 

localities  at  which  8.  memhranaceus  occurs,  viz.  Gair  Quarry,  near 

Carluke,  in  the  Upper  Carboniferous  Limestone  Group ;  in  the  main 

limestone  of  the  Lower  Carboniferous  Limestone  Group  at  Carluke, 

etc. 

^  In  specimens  from  otber  localities,  however,  the  surface  is  quite  as  much 
imnkled  as  in  M 'Coy's  S,  memhranaceus. 
*  Trans.  Geol.  Soc.  Glasgow,  iii.  App.  p.  23. 

{To  be  concluded  in  our  next  Numhir^ 
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IV. — 0%  mm  UsooncaLLBiUTT  or 

Bv  £.  Womb.  F.G.S. 

THE  ffjUfywing  instanoe  of  the  vnoc-nforBabilitT  of  &e  Kciqier 
tod  Banter  diTisioos  of  the  Triaft.  whidi  caae  vzider  nj 
nritioe  dmrmg  the  ooftttmctko  of  the  Gretn  !Softherm  DKbrsfaire 
Exteiukra  line  in  the  jemr  1^77.  m  daaerwing  of  nocke,  not  only 
hr/m  its  decided  nritj/  bat  ako  from  iti  exoepcaoBal  ckaraee^. 

In  the  nflwaj  tunnel  cutting*  at  Moriej,  near  Dshr  *  ^aee  GcoL 
gnnr.  Kap,  71  X.W.),  the  Keoper,  which  oonmti  of  red  marls  with 
thin  beds  of  sandstone  below,  and  red  marls  abo^«  (appaxentlj 
representing  the  lower  portion  of  the  Uppo'  Kevper  giadnatiDg 
down  into  the  Lower  Keoper),  may  be  seen  reposing  on  a  wdl- 
leveUed  taiface  of  the  Banter  Pebble  Beds. 

On  the  east  side,  at  the  tonnel  entrance,  the  Kenper  dips  a  tittle 
ncnrth  of  west  at  an  angle  of  4'  or  5^    The  dip  of  the  Banter  at  this 
point  ^as  defined  by  a  band  of  marl  which  separates  the  Lower 
Mottled  Sandstone  from  the  Pebble  Beds)  is  nnrly  doe  west  at  V 
or  8P.    Croing  east,  the  westerly  dip  of  the  Keuper  increases  to  from 
CT"  to  8^,  and  that  of  the  nnderiying  Banter  to  10=  or  12°.    Cobci- 
dently  with  this  difference  in  dip  the  Pebble  Beds  are  visibly  over- 
lapped  on  the  east  in  a  space  of  three  chains,  to  an  extent  repre- 
sented by  a  dimination  from  thirty-eight  to  twenty-five  feet — the 
total  thickness  of  this  snbdiTision  of  the  Trias !    The  Pebble  Beds 
are  saooeeded  by  the  Lower  Banter,  which  consists  of  aboat  a 
hundred  feet  of  false-bedded  sandstone  with  three  broad  bands  of 
brecciated  conglomerate  in  its  lower  portion.    The  Lower  Mottled 
Sandsti'ine,  which,  like  the  Pebble  Beds,  dips  west,  at  from  12^  to 
14'"  or  15'",  rests  with  a  pronoanced  unconformity  on  the  truncated 
edges  of  purple  and  light  blue  shales  of  the  Lower  Coal-measures 
that  dip  in  a  contrary  (easterly)  direction  at  an  angle  of  12^'  (see 

Fig.). 

At  Morley  village,  half  a  mile  north  of  the  railway.  Upper  Eeuper 

Marls  may  be  seen  in  the  road  cuttings  resting  directly  (and  without 
an  appreciable  dip)  on  an  eroded  surface  of  the  Lower  Bunter  Sand- 
nUme,  which,  with  a  brecciated  base,  reposes  on  deep  red  Coal- 
measure  shales,  similar  to  those  exposed  in  the  Morley  tunnel 
cutting.*  The  Lower  Bunter  Sandstone  must  be  here  considerably 
reduced  in  thickness,  for  between  the  outcrop  of  the  Coal-measures 
and  of  the  Keuper  there  is  not  room  for  more  than  fifteen  feet  or  so 
of  that  rock.    The  disappearance  of  the  Bunter  Pebble  Beds,  and 

>  Hull,  Geology  of  the  Country  around  "Wigan,  Mem.  Geol.  Surr.  p.  31.  Triassie 
and  remiian  Kocks,  p.  87. 

'  Tliis  interesting  section  is  within  an  hour's  walk  of  either  Breadsall  or  West 
Ilallara  Stations  on  the  Great  Northern  Railway. 

3  The  dips  in  the  section  do  not  correspond  with  those  here  giyen,  because  the 
section  is  not  taken  along  the  true  line  of  dip. 

*  It  was  the  fancied  textural  resemblance  of  these  red  rocks  of  the  Lower  Bunter 
Kandstf)nti  and  Coal-measures  to  Rothliegende,  which  appears  to  haye  led  the 
Government  surveyors  to  club  them  together  and  map  them  as  Permian  Lower  Red 
Handstono.  At  Dale  Mill  a  similar  mistake  was  made  with  characteristic  massively- 
bedded  Coal-measure  sandstone. 


,  Wikon—UtieonJbrmUy  of  the  Keuper  and  Bmter. 
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the  catting  out  of  the  lower  beds  of  the  Kenper  shown  in  the 
nil  way  cuttings  are  certainly  dne  to  Kenper  OTerl^.  This  also 
will  accoant,  in  part  at  least,  for  the  rapid  attenuation  of  the  Lower 
Mottled  Sandstone. 

The  lower  portion  of  the  Lower  Banter  Sandstone  may,  perhaps, 
be  excluded  by  a  rising  of  the  old  Carboniferoos  sorfaoe  on  the 
north  (for  we  mast  not  forget  that  we  are  here  dealing  with  a  doable 
nnoonformability— one  at  the  base  of  the  Kenper,  and  the  other  at 
the  bottom  of  the  Bnnter).  If  so,  the  breccias  at  Morley  Tillage 
may  represent  the  npper  breccias  at  Morley  tnnnel,  with  which,  bf 
the  way,  they  appear  to  agree,  both  in  textural  characters  and  ia 
consisting  of  a  double  band  of  breccia  separated  by  mottled  sand- 
stone. In  any  case  the  Kenper  Marls  most  very  soon  have  over* 
lapped  the  whole  of  the  Banter  Series  in  a  northerly  direction,  and 
oome  to  rest  directly  on  Carboniferons  rocks. 

Now,  at  Nottingham,  ten  miles  east  of  Morley,  Banter  Pebble 
Beds  attain  a  thickness  of  over  200  feet,  the  Lower  Kenper  Sand- 
stone  rWaterstones)  is  about  100  feet  thick,  and  beneath  the  latter 
is  a  ductuating  deposit  of  Kenper  Basement  Beds.  The  Lower 
Mottled  Sandstone  in  the  Morley  tunnel  cutting,  where  the  Pebble 
BedH  are  so  meagrely  represented,  is  quite  as  thick,  indeed  somewhat 
thicker  than  it  is  at  Nottingham,  and  the  Middle  and  Lower  Bunter 
Sandstone  Series  are  clearly  conformable  to  each  other,  whereas  the 
dip  of  the  Bunter  is,  as  we  have  seen,  appreciably  greater  than  that 
of  the  Keuper.  The  above  very  decided  overlap,  ^en,  is  evidently 
due,  not  to  contemporaneous  attenuation,  bat  to  upheaval  and 
denudation  during  the  great  interval  of  time  which  separated  the 
close  of  the  Bunter  from  the  commencement  of  the  Keuper  epoch. 


V. — The  *'  Latebite  "  op  the  Indian  Peninsula. 

By  W.  J.  McGee, 
of  Farley,  Iowa,  U.S.A. 

THIS  paper  may  be  regarded  as  a  notice  of  those  portions  of 
the  recently  published  **  Manual  of  the  Geology  of  India,"  by 
Messrs.  Medlicott  and  Blanford,  which  describe,  or  in  any  way 
relate  to,  the  extensive  lateritic  deposits  of  Peninsular  India.  The 
hyi)othesi8  (or,  more  properly,  the  modification  of  an  antecedent 
hypothesis)  herein  oflfered,  in  the  hope  that  it  may  be  tested  by  the 
Indian  geologists,  is  based  on  extended  examinations  of  deposits 
believed  to  be  analogous,  and  has  been  found  to  satisfactorily  explain 
the  phenomena  observed. 

Description^  etc, — Laterite  is  essentially  a  highly  ferruginous  clay. 
Tlie  iron  is  a  peroxide,  is  irregularly  disseminated,  and  often  occurs 
in  pisolitio  nodules — more  rarely  in  tortuous  tubes  or  pipes  of  variable 
size.  The  rock  often  contains  25  to  35  per  cent  or  more  of  metallic 
iron ;  and  it  may  contain  sand  or  other  detrital  materials.  It  re- 
cements  itself,  when  broken,  into  a  mass  closely  resembling  the 
original  rock ;  and  clays  underlying  it  seem  to  be  gradually  con- 
verted into  the  same  substance—  the  superimposed  laterite  merging 
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Into  litbomarge,  less  ferruginous  below,  and  finally  into  the  clay 
formed  by  the  decomposition  of  the  subjacent  rocks.  Two  varieties 
are  recognized :  high-level  laterite,  and  low-level  laterite ;  but  the 
one  merges  into  the  other.  The  low-level  variety  is  supposed  to 
have  been  washed  down  from  above  and  recemented ;  but  in  some 
oases  in  which  it  is  interstratified  with  Eocene  beds  (as  at  Surat) 
it  cannot  be  more  modern  than  the  high-level  variety.  It  occurs  in 
perfection  on  the  Deccan  plateau,  where  it  sometimes  reaches  a 
thickness  of  200  feet  Most  commonly,  but  not  invariably,  it  rests 
upon  igneous  rocks. 

Laterite  has,  by  different  observers,  been  attributed  to  chemical 
change,  in  sittif  of  the  volcanic  rocks  on  which  it  usually  reposes ; 
but  this  hypothesis  does  not  fill  all  requirements.  The  hypothesis 
provisionally  offered  by  the  authors  of  the  present  "  Manual "  was 
partially  suggested  by  the  late  Sir  Charles  Lyell.  The  deposit  is 
supposed  to  consist  of  metamorphosed  volcanic  ashes,  scorisd,  and 
tufas.  The  geological  age  of  the  high-level  variety  is  hence 
(inferentially)  supposed  to  be  somewhat  less  than  that  of  the  Deccan 
traps  (which  were  ejected  about  the  close  of  the  Cretaceous) ;  but 
the  low-level  variety,  which  sometimes  contains  human  relics,  is 
believed  to  be  later  Tertiaiy  or  reoeht 

Difficulties  of  the  hypothesis, — The  above  explanation  is  only  offered 
as  a  *'  possible  hypothesis,"  and  its  difficulties  are  stated  with  that 
candour,  deference  to  the  opinions  of  others,  and  evident  fairness, 
which  characterize  the  work  throughout  Some  of  these  difficulties 
seem  almost  if  not  quite  fatal.  Thus  the  laterite  overlies  and  seems 
to  merge  into  igneous,  metamorphic,  and  sedimentary  rocks  alike,  as 
well  as  unconsolidated  alluvial  deposits;  and  in  some  of  these  cases 
the  exposures  are  at  high  levels  and  far  from  eruptive  centres,  as 
near  Gwalior,  and  in  Bundelkhand.  Furthermore,  there  are  in 
Abyssinia  large  tracts  of  similar  rocks  to  those  of  the  Deccan,  which 
are  without  any  trace  of  laterite.  Moreover,  the  constituents  of  the 
rock  must  have  been  subjected  to  very  different  orographical  con- 
ditions at  different  localities  (at  Guzerat  and  Cutch,  for  instance, 
where  it  is  of  sedimentary  origin,  and  interstratified  with  early 
Tertiary  deposits,  as  compared  with  the  summit  of  the  Sahyadri 
range),  which  would  be  inimical  to  their  similar  metamorphosis  if 
they  were  so  incoherent  as  volcanic  ashes  and  scorisB.  Again,  the 
present  disposition  of  the  laterite  does  not  seem  to  be  that  which  a 
friable  deposit,  subject  to  long-continued  erosion  before  consolidation 
took  place,  would  assume.  Once  more,  pisolitic  iron  ore,  apparently 
homologous  with  laterite,  is  found  both  in  Mesozoic  sedimentary 
strata,  as  in  the  Kajmahal  (Upper  Gondwana)  group  (where  it  caps 
carbonaceous  shale)  and  in  Post-Tertiary  alluvium,  as  at  Calcutta, 
and  occasionally  throughout  Bengal  and  Behar.  Finally,  the  hypo- 
thesis does  not  explain  the  pipes,  or  tubular  masses. 

Ferriferous  Deposits  of  the  Upper  Mississippi  Basin. — These  de- 
posits, it  is  true,  seem  insignificant  when  compared  with  the  Indian 
laterite;  but  it  is  at  least  probable  that  they  differ  from  that  mineral 
not  in  kind,  but  only  in  degree  of  development ;  and  they  are  such 
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as  to  throw  some  light  on  their  mode  of  origin.  The  deponts  are  n 
follows: — 1.  In  alluviau  and  upper  tilL  In  fertile  aloogfaa  and 
rich  alluvial  hottoma  the  boulders  and  pebbles  are  often  incmsfeed. 
and  thin  layers  of  sand  and  gravel  are  sometimes  oementedt  with 
ferric  oxides.  There  are  also  in  like  situations,  pisolitic  nodalei 
(compact  throughout)  of  peroxide  of  iron  irregnlarlj  disseminated, 
pipes  of  the  same  evidently  formed  around  roots  of  grasses,  etc^ 
occasional  thin  bands  of  bog-ore,  and  ferruginous  concretions  (a 
crust  of  limonite  without — ochreous  and  incoherent  within),  wliidi 
may  be  found  in  any  stage  of  formation.  Barely,  as  below  rich 
pastures  or  barnyards,  the  upper  till  is  impregnated  with  protoxide 
of  iron.  2.  Lower  tilL  The  whole  formation  is  rich  in  iron,  too 
generally  disseminated  to  be  of  economical  importance.  It  is 
coloured  by  the  protoxide.  It  occasionally  contains  deposits  of 
impure  bog-ore,  some  feet  in  thickness,  small  masses  of  pyrites,  etc., 
and  cylindrical  ferruginous  concretions  (distinct  from  both  the 
above — evidently  formed  around  roots),  hollow  or  containing  a 
woody  core,  and  exhibiting  the  concentric  structure  of  exogenou 
wood.  The  same  horizon  is  highly  carbonaceous,  also,  contaiuiag 
much  wood,  peat,  lij^nite,  ozokerite,  etc.  3.  Subjacent  formatiooi. 
Below  the  lower  till  a  ferruginous  deposit  of  local  and  erratic 
materials  sometimes  occurs.  It  may  be  either  a  lithomarge  or  a 
conglomerate  of  sand  and  northern  pebbles  in  a  matrix  of  earthy 
limonite.  llie  products  of  the  secular  disintegration  of  the  sedi- 
mentary strata  are  similarly  ferruginous — much  more  so  than  the 
unaltered  rock — and  contain  limonitio  concretions.  Within  the 
cavities  of  the  Palaeozoic  rocks  considerable  masses  of  iron  are  some- 
times found,  which  resemble  the  smaller  concretions  of  the  upper 
till  in  structure  and  material,  and  probably  also  in  origin  and — 
approximately— in  age.^  These  are  not  to  be  confounded  with  inter- 
stratified  ore-bands. 

Briefly,  the  Mississippi  valley  ores  are  attributed  to  the  agency  of 
decomposing  vegetable  matter  in  liberating  the  iron  from  adjacent 
rocks  and  earths,  and  the  subsequent  combination  of  this  iron  with 
the  atmospheric  oxygen.  This  property  of  vegetal  solution  was 
long  ago  pointed  out  by  Dr.  Sterry  Hunt.  Accordingly,  the  iron 
is  most  abundant  in  those  formations  and  localities  in  which  the 
decomposition  of  vegetable  matter  has  been  greatest 

Application  of  the  hypothesis  to  the  lateritic  formations. — In  accord- 
ance with  the  principle  indicated  above  it  may  be  suggested  that  the 
Indian  laterite  is  the  product  of  alteration  in  situ  of  the  underlying 
rooks  by  the  usually  recognized  atmospheric  and  chemical  agencies, 
modified  by  the  action  of  decomposing  vegetation.  In  consequence 
of  the  operation  of  this  last  factor,  all  the  iron  of  the  rocks  has 
probably  been  retained  near  its  original  position  (and  possibly 
increased  through  metasomatism),  while  other  elements  have  been 
borne  off  in  the  winds  or  carried  down  to  the  sea.    The  accumula- 

^  For  more  complete  description,  see  papers  by  the  author  in  Proc.  Am.  Assoc.  Adt. 
Sd.,  1878,  and  in  Gbol.  Mao.  for  August  and  September,  1879,  as  well  as  the 
ditferunt  State  Reports. 
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tion  of  laterite  in  any  region  would,  if  this  view  be  oorreot, 
depend;  (1)  on  the  solubility  of  the  basal  rock;  (2)  on  the 
proportion  of  contained  iron ;  (3)  on  the  fertility  of  the  soil  formed 
by  its  disintegration;  and  (4j — very  largely— on  the  climate  of 
the  region. 

In  view  of  the  unrivalled  opportunities  of  the  Indian  geologists 
for  testing  not  only  the  value  of  this  suggestion,  but  the  validity  of 
that  recognized  principle  in  the  genesis  of  iron  ores  on  which  it  is 
based,  it  will  be  needless  to  discuss  the  applicability  of  the 
hypothesis  at  length.  Suffice  it  to  remind  extra-Indian  geologists 
that  at  least  those  of  the  above-named  conditions  were  decidedly 
favourable  to  the  formation  of  the  laterite.  1.  The  doled tes  and 
other  rocks  do  not  seem  to  be  unusually  soluble,  though  sufficiently 
BO  for  the  requirements  of  the  hypothesis.  2.  The  proportion  of 
iron  in  the  whole  series  of  Indian  rocks  is  very  large— astonishingly 
80,  to  an  American  geol(»gist.  The  general  association  of  carbon- 
aceous and  ferruginous  deposits  throughout  the  series  is  quite 
remarkable,  and,  of  course,  makes  for  the  hypothesis.  3.  The 
disintegrated  rocks,  notably  the  traps,  form  a  soil  of  marked  fertility ; 
and  abundant  plant-remains  attest  equal  fertility  during  Mesozoic 
and  Tertiary  ages.  The  comparative  poverty  of  the  existing  flora 
is  largely  due  to  annual  burnings,  and  to  the  porosity  of  the  lateiitio 
soil ;  but  even  in  recent  times  pisolitic  nodules  of  iron  have  accu- 
mulated abundantly  in  the  alluvium  of  Bengal  and  Behar  beneath 
the  jungles  of  the  Ganges  and  the  Hoogly.  4.  The  climate  to-day 
fosters  luxuriant  vegetal  development,  and  it  must  have  been  still 
more  auspicious  during  the  mild  seasons  of  the  early  Tertiary. 
There  is  evidence  in  the  recent  accumulation  of  reh,  as  well  as  in 
the  distribution  of  existing  organisms,  that  in  late  geological  times 
India  enjoyed  a  moister  climate  than  that  of  to-day — precisely  such 
a  climate,  in  fact,  as  would  follow  the  clothing  of  plateau  and 
valley  with  such  a  mantle  of  vegetation  as  to-day  exists  in  the 
Madupur  jungle.  The  roots  and  perhaps  sometimes  the  trunks  of 
the  forest  trees  of  that  epoch  seem  to  have  left  their  impress  in  the 
ferruginous  soil,  just  as  their  homologues  in  the  Mississippi  valley 
are  preserved  in  the  lower  till. 

VI. — On  the  Distribution  and  Identification  op  the  Paljeozoio 

Books  of  the  Northern  Punjab. 

By  A.  B.  Wynne,  F.G.S.,  etc. 

SPECULATION  having  been  rather  freely  applied  to  the  iden- 
tification of  these  rocks,  I  beg  to  oflfer  a  few  notes  upon  the 
subject,  the  facts  regarding  which  I  have  described  in  a  paper  already 
published.^ 

It  will  be  as  well  at  first  to  indicate  briefly  where  the  rocks 
referred  to  are  situated. 

On  the  map  acoompanying  the  Indian  Geological  Survey  Manual, 
the  Carboniferous  and  Silurian  formations  are  shown  to  be  largely 
developed  in  the  Himalayas,  the  former  prominently  in  the  interior 
^  Becords  Geol.  Surr.  lad.  yoI.  xii.  part  2,  and  Map. 
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of  this  mountainous  region.  Both  reappear  in  Kashmir,  and  It  is  on 
record  that  supposed  Silurian  fossils  have  been  found  in  the  country 
towards  the  Ehyber  Pass,  in  the  direction  of  Afghanistan.  Carbo- 
niferous fossils  have  also  been  recorded  as  occurring  in  the  boulders 
of  the  Eurram  and  other  rivei*8  flowing  from  that  country  into  the 
Punjab.  Hence  it  would  appear  likely  that  the  mountains  of  the 
Safed  Eoh  range  and  northern  part  of  the  Suliman  chain  contain 
recognizable  representatives  of  these  old  formations. 

As  if  linking  these  western  rocks  with  the  Himalayan  Paleeozoic 
regions,  there  is  the  well-known  large  Carboniferous  exposure  of  the 
West  Salt  Eange ;  while  beds  referred  by  competent  palseontologioal 
authority  to  the  Silurian  are  found  in  eastern  parts  of  the  same 
range.  This  range  itself  subtends  the  angular  embayment  of  the 
Upper  Punjab  plateaux  among  the  lofty  mountains  supporting  the 
higher  regions  of  Central  and  Western  Asia. 

But  northwards  from  the  Salt  Range  no  representatives  of  the 
Carboniferous  or  Silurian  rocks  have  hitherto  been  satisfactorily 
or  definitely  recognized  among  the  frontier  hills,  either  by 
palaeontological  or  lithological  evidence.  There  are  two  or  three 
unfossiliferous  groups  in  this  region  supposed  to  be  of  Palseozoio 
age ;  amongst  these,  if  Carboniferous  and  Silurian  representatives 
are  present,  the  fact  as  yet  can  only  be  guessed. 

It  should  be  noticed  that  the  occurrence  of  Silurian  rocks  in 
Eashmir  is  assumed  only,  rather  than  proved  by  local  fossil  evidence, 
and  that  the  facts  as  to  the  existence  of  beds  with  Silurian  fossils 
about  the  Ehyber  mountains  (eastern  end  of  the  Safed  Koh)  are 
very  hazy  now ;  they  seem,  however,  to  have  been  better  known  to 
Indian  geologists,  unfortunately  no  longer  living. 

The  Carboniferous  rocks  of  Eashmir  were  supposed  by 
Lydekker  to  have  been  deposited  in  isolated  areas,  as  if  the 
deposits  of  the  period  were  limited  laterally,  and  this  formation  has 
been  found  only  in  the  Western  Salt  Range  sections.  These  facts 
as  to  partial  distribution  have  an  important  bearing  upon  the  iden- 
tification of  Silurian  and  Carboniferous  groups  in  the  northern 
frontier  regions  of  the  Punjab. 

The  structural  features  of  the  most  accessible  portion  of  the  last- 
named  region,  in  the  district  of  Hazara,  point  to  the  arrangement  of 
tlie  rocks  in  the  following  order.  It  appears  paradoxical,  but  until 
explained  in  some  rational  way  there  is  no  reason  that  I  know  of 
to  question  the  accuracy  of  observations  showing  the  succession  as 
here  presented,  the  most  highly  metamorphosed  rocks  uppermost  :— 

Metamorphic.     4.  Gneiss,  Quartzite,  Schist,  Traps. 

,,        ,,  3.  Schists,  Traps. 

Tandl  group,      2.  Quartzites,  Slates,  Dolomites,  &c.    Infra-Trias. 

Unconformity. 

Attack  Slates.     1.  Slates  of  yarious  colours,  fine  grits.     Limestones,  Dolomites,  &c. 

Southwards  of  a  certain  line  the  succession  differs,  No.  2  is  absent 
or  barely  represented,  or  replaced  by  thick  siliceous  dolomites  of 
no  great  lateral  range,  overlaid  by  Trias- Jura  limestones,  Jurassic 
shales,  a  meagre  Cretaceous  representative  in  places,  and  the  whole 


A,  B,  Wynne — Palcpozoic  JRocIcs  of  the  N,  Piuyuh.       31-3 

surmoiinted  bj  Nummulitic  limestones  and  later  Tertiary  sandstones 
and  clays. 

The  black  slate  ^roup,  No.  1,  apparently  occupying  the  lowest 
stratigraphical  position ;  from  its  extension  westwards  towards  the 
Ehyber  route  to  Kabul,  had  long  been  supposed  to  be  the  formation 
in  which  the  Silurian  fossils  had  been  found  by  Falconer  and  Vicary, 
but  what  these  fossils  really  were  has  become  doubtful,  and  it  is 
uncertain  from  which  group  they  came.  Recently,  however,  Dr. 
Waagen  has  obtained  from  the  Geological  Society  of  London  some 
specimens  of  a  Carboniferous  Spiri/er  {Spirifer  .Bajahy  Salter)  in  a 
black  slate  which  he  considers  identical  with  similar  rock  in  the 
Attock  slates.^ 

The  conclusion  from  this,  that  the  Attock  slates  are  of  Carboni- 
ferous age,  is  unfortunately  of  little  more  value  (if  any)  than  the  con- 
jecture that  they  are  Silurian.  The  fossils  were  only  labelled 
*  Punjab,'  and  if  Punjab  labelling  were  to  be  relied  upon,  these 
Attock  slates  ought  to  have  been  Tertiary  ;  an  old  collection  of  some- 
what pre-Siwalik  forms,  which  never  came  from  Attock,  having  long 
borne  the  name  of  the  **  Attock  fossils."  Besides  this  there  are  several 
rock  groups  in  the  Punjab  which  contain  dark  or  even  black  slaty 
beds  as  well  as  the  Attock  slates ;  they  can  be  found  in  the  Salt 
Bange  Carboniferous,  and  in  the  Tanols,  quite  indistinguishable  from 
some  of  the  Attock  slate ;  as  well  as  in  the  newer  formations,  while 
slaty  cleavage  may  be  presedt  or  absent,  accidentally,  in  any  of  the 
older  groups  of  the  country. 

Even  supposing  some  of  the  earlier  trans-frontier  collections  had 
been  re-discovered,  and  that  the  fossils  came  from  these  slates 
near  the  Khyber  Pass  {Spirifer  being  among  those  mentioned  by 
Vicary),  much  more  evidence  than  that  given  by  a  single  species 
would  be  required,  and  it  should  be  shown  that  the  occurrence  of 
Spirifer  Rajah  anywhere  except  in  the  Carboniferous  is  an  im- 
possibility. Dr.  Waagen  having  found  Ammonites  in  the  Punjab 
Carboniferous,  it  would  become  desirable  to  receive  with  consider- 
able doubt  the  evidence  of  one  Carboniferous  species,  in  a  rock 
labelled  *  Punjab,'  even  though  petrographically  similar  to  part  of  a 
great  foimation  marked  by  considerable  variation  amongst  its  beds. 

I  have  searched  these  Attock  slates  so  extensively  for  fossils  with- 
out success  that  I  am  rather  incredulous  as  to  their  containing,  at 
least  in  the  Punjab,  any  except  microscopic  organisms :  in  some 
of  the  limestone  bands  belonging  to  or  associated  with  them  I 
have  found  faint  traces  of  fossils,  but  never  any  in  the  slates  nor 
any  that  presented  a  hope  of  recognition  anywhere.  There  are 
slaty  rocks  in  the  Carboniferous  groups  of  Kashmir,  and  in  those  at 
Eishmakam  I  found  Bryozoa  and  Trilobites;  but  the  rocks  dififer 
considerably  in  aspect  from  any  part  of  the  Attock  slates  with  which 
I  am  acquainted. 

The  attempt  has  been  made  to  draw  a  parallel  between  the  strong, 
dark,  frilled  and  altered  limestones,  interstratified  with  the  Attock 
slates  of  the  Gandgarh  range  (Hazara),  and  those  called  the  *  great 

^  Becordfl  Oeol.  Surr.  Ind.  vol.  xii.  pt.  4. 
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limestones '  supposed  to  be  of  Carboniferous  age  in  the  Jama  hilli. 
I  have  not  seen  these  latter  rocks  in  the  Jamu  conntiy ;  so  that  I 
could  never  have  suggested  they  resembled  the  Gandgarh  rocks,  it 
I  am  represented  to  have  done.^ 

On  the  whole,  it  may  be  stated  that  the  true  age  of  the  Attock  slaiai 
is  quite  uncertain.  From  their  position,  the  presumption  would 
be  that  they  are  among  the  oldest  rocks  of  the  northern  Punjab, 
and  thus  more  likely  perhaps  to  be  Silurian  or  Cambrian  than 
Carboniferous.  Any  other  surmise  is  at  present  unsafe  and  un- 
warranted. 

The  next  group,  the  Tanols  and  their  related  Infra-Triassic  cheitf 
dolomites,  etc.,  neither  of  them,  afford  any  palaeontological  evidence  it 
to  age.  Though  the  cherty  dolomites  of  one  region  (Sirban)  have 
been  separated  from  the  Trias  above,  because  there  was  no  proof  that 
they  belonged  to  that  formation,  it  is  equally  true  there  is  no  proof 
that  they  do  not.  Appearances  point  to  the  greater  or  less  identity  of 
the  Tanol  group,  or  some  part  of  it,  with  the  Infra-Trias  dolomites, 
etc.,  or  to  the  latter  being  merely  a  local  form  of  the  Tanols, — ^it  may 
be,  attendant  upon  the  disappearance  of  the  whole  group  southwards. 
The  Tanol  beds  might  with  some  apparent  probability  be  assigned  to 
the  Carboniferous  age,  but  it  would  be  a  mere  guess.  The  group 
does  not  seem  from  description  to  resemble  closely  any  of  the 
neighbouring  Kashmir  subdivisions ;  yet  isolated  areas  of  deposition 
once  admitted,  it  might  be  correlated  with  any  group  older  than  Trias 
or  with  the  lowest  part  of  that  formation. 

It  is  true  the  dolomites  of  one  locality,  or  the  quartzites  of  another, 
with  or  without  slaty  beds  resembling  Attook  slates,  are  more 
prominent  according  to  geographical  place,  and  if  laterally  interrupted 
deposition  took  place,  there  would  be  no  reason  for  supposing  the 
Infra-Trias  and  Tanols  formed  two  groups  instead  of  one,  while  in 
the  absence  of  fossils  it  would  be  useless  presumption  to  call  the 
rocks  of  either  Silurian. 

The  physical  relation  of  these  Tanol  rocks  to  the  more  highly 
altered  superincumbent  schists,  gneiss,  eta,  is  no  new  feature  in 
Himalayan  geology,  and  is  one  scarcely  to  be  disposed  of  by  hasty 
suggestions  of  inversion  and  faulting,  unsupported  by  any  analysis 
or  synthesis  of  the  method  by  which  the  local  results  were  produced. 
In  the  present  case  these  assumptions  seem  to  be  impossible  on  the 
hypothesis  that  the  Tanols  and  Infra-Trias  form  parts  of  one  group 
resting  unconformably  upon  the  slates.  And  even  setting  this  aside, 
it  must  be  shown,  in  order  to  support  the  suggestion,  how  an 
anticlinal  dome  can  be  turned  completely  inside  out,  presenting  a 
series  of  bedded  rocks  '  overthrown '  so  as  to  dip  radially  towards 
a  central  area  for  30  miles  across  the  strike,  the  really  oldest  beds 
forming  the  internal  and  uppermost  strata  of  a  basin. 

It  is  thought  that  the  whole  chain  of  the  Pir  Panjal  between 

Kashmir  and  the  Punjab  forms  a  great  anticlinal  arch  pushed  over 

towards  the  plains  so  as  to  give  inverted  dips  on  the  outer  flank 

(Lydekker).  In  this  case  the  inverted  part  of  the  section  is  disposed 

^  Records.  Geol.  Sonr.  India,  yol.  xii  pt.  4,  p.  184,  foot. 
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more  or  less  in  a  straight  line  of  strike,  and  its  distance  across  at 
right  angles  to  the  bedding  is  perhaps  scarcely  a  quarter  of  that 
occupied  by  parts  of  the  so-called  inversion  of  the  Tanol  and 
metamorphic  rocks  of  the  Northern  Punjab.  The  dip  angles  in 
these  last,  too,  are  greatly  lower  than  those  along  the  Pir  Panjal. 

Except  for  the  uppermost  beds  being  the  most  metamorphosed, 
it  may  be  doubted  whether  any  one  would  feel  compelled  to  invoke 
the  aid  of  an  inexplicable  inversion  in  order  to  contradict  very 
ordinary  and  self-evident  structural  facts.  That  inversion  is 
frequently  present  in  disturbed  distncts,  no  field-geologist  would 
deny ;  but  where  its  presence  is  unnecessary  to  explain  the  facts, 
this  need  not  be  asserted  on  insufficient  evidence,  nor  does  there 
seem  to  be  any  conclusive  reason  why  metamorphism  need  always, 
or  only  be  assumed  to  have  acted  vertically  upwards. 

If  the  relative  position  of  the  rocks  could  have  been  explained  by 
simple  inversion,  and  if  the  unconformity  at  the  base  of  the  Tanol- 
Infra-Trias  group,  which  could  not  have  escaped  participation  in  the 
overthrow,  bad  no  existence ;  it  would  have  been  a  very  simple 
matter  to  assign  conjectural  places  to  each  of  the  groups  older  than 
the  fossil-bearing  Trias.  Geological  difficulties  are  not  to  be  solved, 
however,  by  losing  sight  of  the  conditions  presented  to  observation. 

The  riddles  of  the  northern  Punjab  may  be  doubtless  read  when 
ample  time  and  patient  labour  have  been  devoted  to  recording  each 
geological  feature  upon  large-scale  maps  and  in  carefully  made 
sections ;  till  this  can  be  done,  it  will  be  wiser  to  put  forward  the  mere 
speculations  of  cabinet  geology  accompanied  by  ample  reservations, 
and  to  refrain  from  accepting  theories  as  facts. 


ITOTIOEIS     OIF     nsjiEns^coiDas- 

Kadiolabia  in  "diaspro." — Bolletino  del  R.  Comitato  d'ltalia,  1880. 

Nos.  1,  2. 

THE  above  Journal  contains  a  report  of  a  verbal  announcement  made 
by  Prof.  Dante  Pantanelli,  on  the  discovery  of  Radiolaria  in  the 
Italian  **  Diaspro"  from  various  places,  and  of  different  ages ;  two  from 
the  Lias,  and  one  probably  Cretaceous,  but  the  greater  number  werd 
from  the  Upper  Eocene.  In  a  previous  meeting  of  the  same  Society 
(Soc.  Toscana  di  Sc.  Nat.),  Prof,  de  Stefani,  in  speaking  of  this  diaspro 
and  manganite,  attributed  their  formation  to  deposits  in  deep  seas,  but 
this  idea  was  combated,  and  in  consequence,  Prof.  Pantanelli  under- 
took the  examination,  with  the  above  results.  The  importance  of 
this  is  much  increased  by  the  fact,  that  the  diaspro  of  Murlo  and 
Crevole  are  intercalated  with  the  serpentine,  and  we  may  hope  that 
much  light  will  thus  be  definitely  thrown  on  a  question  which  is 
occupying  much  attention  in  Italy,  and  has  also  been  taken  up  by 
some  of  our  leading  English  geologists,  we  mean  the  formation  of  the 
Italian  serpentines.  Prof.  Pantanelli  thinks  we  may  now  definitely 
accept  the  hypothesis  of  Stoppani  that  the  serpentines  are  volcanic 
rocks,  for  the  mt)st  part  erupted  in  deep  seas.  Thus  the  same  con- 
clusion  is  arrived  at  from  quite  different  stand-points.      He  also 
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thinks  it  may  facilitate  an  explanation  of  the  mode  of  formation  of 
manganese  deposits,  as  they  occur  in  connexion  with  the  diaspro 
rich  in  fossils,  and  hints,  that  it  would  make  us  douht  the  possibility 
of  their  being  formed  by  an  endogenous  action,  or  from  deposits  of 
mineral  water. 

Prof,  de  Stefani  called  attention  to  the  use  the  microscope  may 
now  be  to  the  anthropologists,  in  showing  from  what  locality  imple- 
ments made  of  this  rock  were  derived. 

The  writer  of  this  notice  believes  he  is  in  a  position  to  refer  to  the 
Eocene  "diaspro"  the  rock  mentioned  by  Prof.  Bonney  in  this 
Magazine  last  year  (August,  No.  182,  p.  369),  in  which  attention 
was  called  to  its  containing  fossils,  which  Prof.  Bonney  was  himself 
inclined  to  refer  to  Radiolaria  and  Bryozoa,  and  can  also  add  that 
Professor  Pantanelli  has  in  the  press  an  article  describing  a  large 
number  of  the  Eadiolaria  observed.  A.  W.  W. 


I. — On  the  Stbuctubb  and  Affinities  of  the  Plattsomidjb.  By 
Ramsay  H.  Traquaib,  M.D.  Transactions  of  the  Royal  Society 
of  Edinburgh,  vol.  xxix.  pp.  348-391,  Pis.  iii.-vi. 

IN  the  above  memoir  Dr.  Traquair  discusses  an  interesting  group 
of  deep-bodied  Palsdozoic  fishes,  some  forms  of  which  have 
long  perplexed  Palaeichthyologists  as  regards  their  affinities  and 
systematic  position  among  the  Ganoids.  The  position  and  form 
of  the  teeth,  the  skeletal  structure,  confoimation  and  attachment  of 
the  scales ;  the  absence,  presence,  or  form  of  certain  fins,  having 
been  the  objects  respectively  studied,  has  led,  as  a  natural  conse- 
quence, to  the  publication  of  many  and  diverse  opinions  in  regard  to 
these  characters,  and  their  bearing  upon  the  classification.  Yet  none 
of  the  respective  authors  have  hitherto  succeeded  in  establishing  the 
natural  position  of  the  group  in  the  above  order  of  fishes  upon  a 
basis  sufficiently  satisfactory  to  be  permanently,  or  even  generally 
accepted;  nor  has  their  relationship  to  the  many,  and  in  some  instances 
widely  separated  genera,  with  which  they  have  been  associated  by 
one  author  or  the  other. 

In  a  concise  but  comprehensive  introduction,  which  commences 
with  an  enumeration  of  the  genera  Dr.  Traquair  refers  to  the  family 
Platysomtda  as  enlarged  by  himself  (viz.  Eurynotus,  Ag. ;  Bene- 
deniua,  Traq. ;  MesolepiSy  Young ;  Eurysomus,  Young ;  Wardichthys, 
Traq. ;  CheiroduSy  M*Coy  {AmphicentrumjYoung) ;  Flatysomus,  Ag.), 
is  embodied  the  various  views  enunciated  i*especting  the  structure 
and  classification  of  some  of  these  genera,  of  which  the  following  is 
a  brief  resume.  Agassiz  classed  Eurynotus  and  Flatysomus  (including 
Eurysomus)  in  his  Lepidoid  family  of  Ganoids.  Giebel  includes  the 
same  genera  in  his  "  Heterocerci  Monopt^rygii,"  along  with  Palseo- 
niscoid  genera,  and  also  with  JEugnathus,  Conodus,  and  Megalichthys, 
Quenstedt  places  Plaiysomus  among  the  Heterocercal  Ganoids, 
immediately  after  Palczoniscus,  Amblypterus,  and  Pygopterua,  Sir 
Philip  Egerton  advocated  the  removal  of  Platysomus  to  the  Pycno- 
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dontidte,  on  account  of  the  form  and  arrangement  of  the  teeth  which 
had  been  discovered  in  a  mandible  of  Platysomus  macrurus,  and  also 
upon  the  conformation  and  articulation  of  the  scales.  This  classifi- 
cation was  approved  by  Agassiz,  and  was  favourably  received  by 
other  authors ;  Geinitz,  Pictet,  and  M*Coy,  in  their  respective 
systematic  works  having  included  the  genus  in  the  same  family. 
However,  Vogt,  Heckel,  Wagner,  and  Prof.  John  Young  declined 
to  accept  this  assignment  of  Platysomus.  Yogt  still  associating 
Platysomus  and  also  Eurynotus  with  the  Palssonisci.  Wagner  in- 
cludes Platysomus,  Dapedius,  Tetrcufonolepis,  and  his  two  new  genera, 
Somalepis  and  Heterostrophus,  and  also  Pleurolepis,  Quenst.,  in  a  new 
family  **  Stylodontes  "  which  he  proposed  for  their  reception ;  regard- 
ing which.  Dr.  Traquair  remarks,  "  That  the  association  by  Wagner 
of  Platysomus  with  those  other  genera  is  just  as  unnatural  as  the 
dassification  which  he  himself  wrote  to  oppose." 

Subsequently,  Prof.  J.  Young,  who  had  specially  studied  Platyso- 
mus and  some  kindred  fishes  from  the  Coal-measures,  and  upon 
which  forms  he  established  the  genera  Amphicentrum  and  Mesolepis, 
*'  declined  to  accept  the  peculiar  dentition  of  Platysomus  macrurus  as 
characteristic  of  all  the  species  which  had  been  referred  to  that 
genus ; "  he  therefore  assigns  it  to  a  new  genus,  Eurysomus,  and 
makes  Platysomus  parvulus,  Ag.  (a  Goal-measure  species),  the  type  of 
the  genus  Platysomus  ;  and  states  that  each  of  the  above  genera  are 
distinct  from,  although  possessing  affinities  to,  the  Pycnodontidas. 
He  therefore,  having  reference  to  the  mode  of  the  articulation  of  the 
scales,  proposed  a  new  suborder  **  Lepidopleuridae,"  containing  five 
families,  which  are  mainly  founded  upon  the  dentition,  and  sub- 
divided into  two  divisions,  respectively  characterized  by  the  absence 
or  presence  of  the  ventral  fins.  The  first  division,  in  which  the 
ventral  fin  is  wanting,  includes  the  families  Platysomid^,  Amphicbn- 
TBiDJS,  and  EuRTSOMiDiE  ;  the  second,  where  the  fins  are  present,  con- 
tains Mesolepid^  and  Pycnodontid^.  These  views  of  Prof.  Young, 
as  regards  the  institution  of  the  suborder  "  LepidopleuridaB,"  were 
also  favourably  received,  among  others  by  Dr.  Liitken  and  Professor 
Victor  Cams,  but  exceptions  were  taken  to  some  details  of  arrange- 
ment and  classification  of  the  genera  composing  it  More  recently 
Prof.  E.  D.  Cope,  apparently  unaware  of  Prof.  Young's  investigations, 
places  Platysomus  with  Dapediiis  and  Teiragonolepis  in  one  family, 
which  he  terms  " Dapediida"  excluding  Eurynotus,  which  he  places 
along  with  Lepidoius,  and  Pholidophorus,  in  the  family  Lepidotidse. 

The  preceding  summary  indicates  the  interest  attached  to  some 
members  of  this  family  of  ancient  fishes  by  previous  investigators, 
and  also  the  difficulty  experienced  in  providing  them  with  a  satisfac- 
tory scientific  location  and  with  congenial  alliances.  Our  author 
concludes  his  introduction  by  confidently  asserting  **  that  the  PalsBO- 
zoic  forms  enumerated  on  the  first  page  of  this  memoir  constitute  a 
connected  series  is  undeniable,  and,  considering  the  small  number  of 
genera,  it  seems  convenient  to  follow  Dr.  Liitken  and  Prof.  Carus  in 
uniting  them  in  one  family  group."  And  further,  he  adds,  "  that 
these  fishes  have  little  in  common  with  the  Pycnodonts,  while  they 


320  Eevietcs — Dr.  Traquair  on  the  Platyiomidce. 

are  intimately  allied  to  the  PalseoniscidaB,  and  that  the  suboFder 
*  Lepidopleuridse '  must  be  abandoned, — to  follow  np  this  idea  more 
in  detail  is  the  object  of  the  present  paper.  I  shall,  therefore,  first 
review  the  structural  features  of  the  Platysomidas,  genns  by  genns, 
and  from  the  facts  thus  acquired,  endeavour,  in  conclusion,  to  justify 
my  views  as  to  their  real  position,  and  as  to  the  validity,  or  not,  of 
the  suborder  established  by  Prof  Young." 

Then  follow  interesting  details  relating  to  the  "  History,"  *'  Geo- 
logical Distribution,"  and  "  Structure,"  of  each  genus,  including 
notes  or  descriptions  of  the  species  appertaining  to  each.  The 
structural  descriptions  are  founded  mainly  upon  original  examination 
and  study  of  specimens  not  available  to  the  earlier  students,  and 
notably  upon  many  examples  in  the  celebrated  collection  of  Coal- 
measure  fishes  belonging  to  Mr.  Ward,  of  Longton. 

The  author's  extensive  and  well-known  knowledge — practical  and 
theoretical — of  the  dental,  and  the  external  and  internal  skeletal 
structure  of  fishes,  renders  this  portion  of  the  memoir  of  exceeding 
value ;  inasmuch,  as  the  gradations  in  form  and  character  of  special 
parts,  namely,  the  dentition,  bones  of  the  head,  and  scales,  denoting 
the  degree,  and  also  the  order,  in  which  the  respective  genera  ap- 
proach or  diverge  each  from  the  other,  with  the  variations  in  external 
form  consequent  thereon,  are  fully  considered  and  discussed.  And 
although  this  descriptive  portion  is  necessarily  technical,  it  is  pre- 
sented to  the  reader  in  his  usual  clear  and  intelligible  manner.  Our 
space  will  not  permit  of  long  quotations,  and  abbreviation  is  hardly 
practicable ;  to  be  understood  the  descriptive  details  must  be  read  in 
connexion  with  the  excellent  figures  which  illustrate  the  text. 

The  new  species  described  are  only  two,  namely,  Mesolepis  micro- 
pterus,  Tr.,  and  Platysomus  tenuisiriatus,  Tr. ;  both  from  the  Lower 
Coal-measures  of  Derbyshire.  On  the  other  hand,  P,  declivtis,  Ag., 
is  erased  from  our  lists  of  British  fossils,  the  species  having  been 
founded  upon  a  distorted  specimen  of  Enrynotus  ;  and  to  this  genus 
is  also  referred  the  P,  ?  insignis  of  De  Eoninck,  from  the  Belgian 
Carboniferous  Limestone. 

The  reasons  for  allying  the  Platysomidse  with  the  Palseoniscidae, 
and  not  with  the  deep-bodied  fishes  constituting  the  families  Dape- 
diidse  and  PycnodontidsB ;  together  with  the  details  of  the  special 
points  of  differences  in  the  anatomical  structure  of  the  fishes  of  each 
group  upon  which  he  bases  his  conclusions  regarding  their  affinities, 
are  succinctly,  and  we  think  we  may  safely  add,  convincingly  stated. 
The  structural  points  in  which  the  Platysomidse  resemble  the  Dape- 
diidse  and  Pycnodontida)  being  few,  and  the  differences  many  and 
important.  Whilst  the  anatomical  characters  which  assimilate  the 
group  to  the  Palasoniscidsd  are  numerous ;  nevertheless,  he  admits 
that  the  points  of  difference  are  also  many  and  striking,  but  "  are 
quite  insufficient  to  conceal  the  close  affinity  between  them  ":  and 
regarding  which  our  author  observes,  that  **  weighing  these  points 
of  resemblance  and  difference  together,  it  is  quite  obvious  that  the 
latter  are  of  a  much  more  superficial  nature  than  the  former;  in 
other  words,  the  Platysomid  type  is  simply  a  modification  of  the 
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lieonisoid  one.  The  PlatysomidsB  are  speeiaUaed  Palaoniscida.^* 
d  from  these  facts,  founded  upon  minute  study  and  comparison,  ho 
nks  he  is  justified  in  concluding: — 

'  1.  That  the  Platysomidas  are  specialised  forms,  which  have,  if  the 
)trine  of  descent  he  true,  heen  derived  from  the  PalsBoniscidsa. 
eir  structure  presents  us  simply  with  a  modification  of  the 
LsBoniscid  type,  and  wherever  the  PalsBoniscidas  are  placed  in  the 
item,  thither  the  Platysoraidse  must  follow. 

"  2.  The  resemhlanoes  between  the  Platysomidsa  and  the  Dapediidsa 
ii  Pycnodontidffi  are  mere  resemblances  of  analogy,  and  not  of  real 
Inity.  The  Dapediidse  are  related  not  to  the  Palaeoniscidsd  or 
fttysomidse,  but  to  the  other  semiheterocercal  Qanoids  of  the  Jurassic 
t  {Zepidotu8,  etc.),  and  the  Pycnodonto  are  highly  specialised 
ms,  whose  general  affinities  point  in  the  same  direction." 
This  memoir  is  a  valuable  instalment  to  the  series  of  papers 
dviously  published  by  the  author  relating  to  the  history  and 
issification  of  the  fishes  of  the  Coal-measure  and  other  Palceozoio 
posits ;  a  subject  upon  which  he  has  long  been  occupied.  It  is 
astrated  with  four  excellent  plates,  containing  upwards  of  60 
;ures,  drawn  chiefly  by  himself,  which  is  a  guarantee  for  their 
curacy. 

. — L'OrIQINE   DES    iN^GMilTES    DB   LA    SuRFACE    BU    GlOBE.      By 

A.  DE  Lappabent.  Eevue  des  Questions  scientifiques,  July,  1879. 

.  S  people  get  old,  their  clothes  sometimes  become  too  large  for 
L  them ;  and  so  it  seems  to  be  with  the  earth,  whose  surface 
haves  like  a  cloth  forced  into  wrinkles  by  the  diminution  in 
>lume  of  its  support  due  to  secular  cooling. 

In  the   application  of  this  principle  lies  the  clue  both  to  the 
isting  orogmphy  of  the  globe,  and  also  to  many  of  the  phenomena 
geology,  as  is  ably  argued  within  the  compass  of  twenty-four 
rsely  written  pages. 

The  terrestrial  surface  bears  throughout  the  mark  of  a  lateral 
rust,  which  has  found  in  the  mountains  its  supreme  expression, 
liese  represent  the  salient  portion  of  the  wrinkles,  and  thus  the 
ea  of  upheaval  has  a  certain  justification — none  the  less,  because 
ese  local  upheavals  are  the  result  of  a  general  sinking  of  the  crust. 
The  author  is  desirous  to  disconnect  Elie  de  Beaumont  with  Von 
uch's  "crater  of  elevation"  theory.  Far  otherwise  is  the  real 
ructure  of  mountain  chains,  which  are  often  composed  of  stratified 
cks,  either  with  or  without  a  crystalline  nucleus,  than  of  volcanic 
mes,  and  it  usually  happens  that  the  crest  does  not  occupy  a 
mtral  position  with  two  symmetrical  slopes,  but, the  chain  is 
isymmetrical,  having  its  steepest  side  towards  the  sea.  This  rule 
lay  not  be  true  of  all  chains  as  they  at  present  exist,  but  we  must 
^member  that  they  are  of  different  geologic  ages,  and  that  each  was 
}oentuated  at  a  certain  epoch,  which  should  be  deemed  its  age.  The 
ormal,  however,  is  an  oceanic  depression  sloping  gently  towards 
s  line  of  greatest  depth,  from  which  at  a  high  angle  spring  the 
iibmerged  and  emerged  portions  of  the  coast  chain,  to  &lo^  ^"vi^^ 

DBCADB  n. — VOL.  VII.— IfO.  VU.  1\ 


322  Reports  and  Proceedings — 

at  a  gentle  angle,  and  gradually  fade  into  the  continental  *'  masBif.** 
M.  de  Lapparent  is  a  thorough  believer  in  the  fluidity  of  the 
interior  nucleus,  and  maintains  that  the  weakness  inherent  in  the 
steep  side  of  the  chain  affords  an  opportunity  for  the  escape  of  the 
fluid  matter  as  volcanic  ejectamenta.  Perhaps,  after  all,  it  is  not 
easy  to  conceive  a  theory  which  shall  meet  every  oase,  and  some 
might  be  disposed  to  think  that  the  author  takes  too  little  notice  of 
such  immense  accumulations  of  ejected  matter  unconnected  with  any 
definite  chain,  such  as  may  be  seen  on  a  large  scale  in  Iceland  and 
in  America.  No  doubt  he  claims  that  the  roots  of  his  volcanoi 
shall  be  near  water,  but  he  says  nothing  of  the  important  part  whidi 
steam  must  play,  both  chemically  and  dynamically,  as  an  agent  ia 
effecting  extravasations  on  the  surface.  W.  H.  H. 
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I.— May  12,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  ''On  the  Structure  and  Affinities  of  the  Genus  Proio^pongia^ 
Salter."     By  W.  J.  Sollas,  Esq.,  M.A.,  F.G.S. 

In  this  paper  the  author  described  fhe  character  of  the  Cambrian 
genus  Protospongia  from  the  original  and  other  specimens.  In  Dr. 
Hicks's  specimen  the  spicules  of  the  sponge  show  their  original  form, 
when  it  is  clear  that  they  are  not  fused  together  into  a  continuous 
network;  they  form  a  network  only  by  the  interlacing  of  their 
extremities.  The  spicules  are  quadriradiate,  with  the  centre  raised,  so 
that  each  spicule  indicates  the  outlines  of  a  low  four-sided  pyramid, 
the  centre  being  at  the  apex,  and  the  four  rays  representing  the  four 
edges  of  the  pyramid.  The  rays  do  not  diverge  at  right  angles,  and 
thus  the  base  of  the  pyramid  is  oblong,  though  this  may  be  due  to 
distortion.  From  some  indications  the  author  is  inclined  to  believe 
that  a  fifth  ray  may  have  sprung  from  the  centre  of  the  spicule  down- 
wards. The  rays  of  the  spicules  appear  to  be  cylindrical.  The 
spicules  are  generally  of  several  sizes,  the  larger  ones  forming  a  frame- 
work which  is  filled  in  by  the  smaller  forms,  the  latter  being  regularly 
arranged,  so  that  the  smdler  ones  fill  up  the  square  spaces  left  between 
the  rays  of  the  larger,  and  thus  build  up  a  network  of  square  meshes 
gradually  diminishing  in  size.  The  sponge-wall  seems  to  have  con- 
sisted of  more  than  one  layer  of  spicules.  The  spicules  were  probahly 
originally  siliceous,  but  now  they  consist  of  iron  pyrites. 

With  regard  to  the  systematic  position  of  Protospongia,  the  oldest 
known  sponge,  the  author  remarks  that  similar  spicules  similarly 
arranged  are  to  be  met  with  in  the  Hexactinellidse,  the  absence  of  one 
or  two  rays  being  not  unusual  in  part  of  the  spicules  of  true  Hexac- 
tinellids.  As  the  spicules  are  free,  he  would  refer  the  sponge  to 
Zittel's  Lyssakina,  which  are  nearly  equivalent  to  Carter  s  8arco- 
hexactineUida. 

2.  "  Note  on  Psephophorw  polygonus,  von  Meyer,  a  new  Type  of 
Chelonian  Reptile  allied  to  the  Leathery  Turtles."    By  Prof.  H.  G. 
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The  specimen  described  is  a  portion  of  the  shield  from  the  anterior 
dorsal  region,  and  was  obtained  from  the  later  Tertiary  deposits  of  the 
borders  of  Croatia.  It  was  originally  regarded  by  Von  Meyer  as  the 
armour  of  an  £dentate  mammal,  but  it  was  afterwards  suggested  by 
him  and  Prof.  Fuchs  that  Sphargis  presented  a  nearer  affinity.  A 
keel  runs  along  the  middle  of  the  specimen,  and  is  regarded  by  the 
author  as  one  of  the  outer  folds  of  the  shield.  The  dermal  skeleton  is 
made  up  of  irregularly  polygonal  plates  of  various  sizes,  closely 
resembling  those  of  Sphargis,  except  that  each  plate  is  almost  twice  as 
large  as  those  of  that  form.  The  plates  usually  show  a  radiate  orna- 
ment on  the  surface.  On  the  underside  of  the  slab  are  the  remains  of 
several  vertebne,  apparently  from  the  base  of  the  neck,  and  these  differ 
from  the  vertebrae  of  all  known  Ghelonians  in  having  strong  transverse 
processes  for  the  attachment  of  ribs.  The  neural  arch,  like  the  pro- 
cesses, is  anchylosed  to  the  centrum.  The  author  considers  that  the 
dermal  skeleton  is  not  represented  in  the  carapace  of  ordinary  Chelonia, 
but  is  represented  by  the  granulations  on  the  surface  of  the  carapace  of 
the  Trionychidse.  He  is  hence  led  to  indicate  three  primary  divisions 
of  the  Chelonian  order — viz.  1.  Aspidochelyida,  in  which  the  bony 
carapace  is  covered  with  symmetrical  homy  scutes,  including  Turtles, 
Emydians  and  Tortoises;  2.  Peltochelyida^  in  which  the  bony  carapace 
has  a  granular  surface-structure,  and  is  covered  with  an  undivided 
dermis  without  scutes,  including  only  the  Trionychidse ;  and  3.  The 
Dermatochelyida,  in  which  the  carapace  is  not  developed,  but  is  func- 
tionally represented  by  a  bony  skeleton  within  the  skin,  as  in  Sphargis 
and  Psephophorus. 

3.  **  On  the  Occurrence  of  the  Glutton  {Gulo  luscus,  Linn.)  in  the 
Forest  Bed  of  Norfolk."     By  E.  T.  Newton,  Esq.,  F.G.S. 

Remains  of  the  Glutton  have  hitherto  been  obtained  only  from  cave- 
deposits.  The  author  has  lately  received  from  Mr.  R.  Fitch,  of 
Norwich,  a  portion  of  the  lower  jaw  of  this  animal  obtained  from  the 
Forest-bed  of  Mundesley,  Norfolk.  The  specimen  consists  of  about  two 
inches  of  the  left  ramus,  bearing  the  first  true  molar  and  the  hinder 
half  of  the  fourth  premolar  in  place.  The  jaw  is  smaller  than  in 
average  specimeus  of  the  recent  Glutton,  but  presents  all  the  characters 
of  the  species  as  described  in  detail  by  the  author. 

4.  **  A  Review  of  the  Family  Diastoporidae,  for  the  Purpose  of 
Classification.*'  By  George  Robert  Vine,  Esq.  Communicated  by 
Prof.  Duncan,  F.R.S.,  F.G.S. 

This  family  of  the  Cyclostomatous  Polyzoa,  never  very  prolific,  has 
representatives  from  the  Lower  Silurian  era  to  the  present  time,  and  is 
now  northern  and  of  deep-sea  habit.  The  author  discusses  the  limits 
of  the  family,  and  gives  a  list  of  the  recent  and  fossil  genera  and 
species  included  in  it.  He  points  out  that  there  are  important  differ- 
ences in  the  Palaeozoic  forms,  several  of  which,  though  he  leaves  them 
provisionally  among  the  Diastoporidae,  he  considers,  on  fuller  examina- 
tion, will  have  to  be  removed.  The  author  describes  the  characteristics 
of  some  Palaeozoic  genera  of  true  Diastoporidae. 

6.  "  On  Annelid  Jaws  from  the  Wenlock  and  Ludlow  Formations  of 
the  West  of  England."     By  G.  J.  BLinde,  Esq.,  F.G.S. 

Referring  to  his  paper  on  annelid  jaws  from  the  PeAsbozoY^  tQO&&  ^i 
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Canada  and  Scotland  (Quart.  Journ.  Geol.  Soc.  vol.  zxxv.  p.  370),  the 
author  in  this  paper  announced  the  discovery  of  similar  objects  in  the 
Silurian  deposits  of  Dudley,  Much  Wenlock,  Iron  Bridge,  Stoke  Edith, 
and  near  Ludlow.  He  noticed  from  these  Silurian  rocks  seven  species 
of  EunieiteSy  two  of  which,  E,  curtus  and  E,  unguieidu$  from  the 
Wenlock,  are  new ;  nine  species  of  (EnoniteSf  of  which  six,  namely, 
(E.  regtdaHsy  naviformtB^  praacuttu,  and  tuhulatus  from  the  Wenlock, 
(E,  imignificaM  ftom  the  Upper  Ludlow,  and  (E,  aspersam  from  the 
Wenlock,  and  Upper  Ludlow,  are  described  as  new ;  seven  species  of 
ArahellitM,  four  of  which  are  new,  namely,  A.  extenaw,  Bpicaiut^  and 
obtmu8  from  the  Wenlock,  and  A.  anglicua  from  the  Wenlock  and 
Upper  Ludlow ;  further,  Zumhrioonereites  haialis^  Stauroe^phalitit 
semula,  sp.n.,  and  Nereidavw  antiquus,  sp.n.,  from  the  Wenlock 
group.  Including  varieties,  27  forms  are  noticed  by  the  author,  of 
which  21  are  peculiar  to  the  Wenlock  group  and  2  to  the  Ludlow, 
while  4  are  common  to  the  two  groups.  In  the  Wenlock  there  are  8 
forms  already  described  from  American  rocks,  3  occurring  in  the 
Cincinnati  group,  3  in  the  Clinton,  and  2  in  both  groups  of  rocks.  Of 
the  Ludlow  forms,  2  occur  in  the  Cincinnati  group,  and  1  of  these  also 
in  the  Clinton. 


IT.— May  26,  1880.— Robert  Etheridge,  Esq.,  P.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1 .  "  The  Pre-Carboniferous  Rocks  of  Chamwood  Forest."  (Part  III. 
Conclusion.)  By  Rev,  E.  Hill,  M.A.,  F.G.S.,  and  Prof.  T.  G.  Bonney, 
M.A.,  F.R  S.,  F.G.S. 

In  their  former  communications  the  authors  had  paid  less  attention 
(from  want  of  time)  to  the  northern  part  of  the  forest  than  to  the  rest. 
This  district  has  during  the  last  two  years  engaged  their  special  at- 
tention. They  had  provisionally  retained  the  name  quartzite  for  the 
rocks  exposed  about  Blackbrook,  etc.,  probably  the  lowest  visible  on  the 
forest.  This  name  proves  to  be  inappropriate,  and  they  propose  to 
call  the  group,  which  contains  much  fine  detrital  volcanic  material, 
the  Blackbrook  Series.  They  have  also  reason  to  believe  that  the 
anticlinal  fault  is  less  than  was  supposed,  and  that  we  have  here 
a  fairly  unbroken  base  for  the  forest  rock  already  described.  In  this 
case  there  ought  to  he  representatives  of  the  great  agglomeratic  masses 
on  the  western  side  of  the  anticlinal  (High  Towers,  etc.).  The  authors 
believe  that  they  have  found  these,  though  as  much  finer  and  more 
waterworn  detritus,  in  the  greenish  grits  above  LongclifP  and  BuckhiU. 
The  authors  also  believe  that  they  have  succeeded  in  tracing  a  coarse 
agglomerate  with  slate  fragments  round  about  three-fourths  of  the 
circumference  of  the  forest.  Further  notes  upon  the  district  of  Bardon 
Hill,  Peldar  Tor,  and  Sharpley  are  given,  and  the  origin  of  the  remark- 
able rock  of  the  last,  so  like  some  of  the  Ardennes  porphyroids,  is 
discussed ;  the  authors  believe  it  to  be  a  volcanic  tuff,  altered  by  the 
passage  of  water  or  of  acid  gases.  Descriptions  of  the  microscopic 
structure  of  some  of  the  rock  fragments  included  in  the  coarse 
agglomerate  and  of  some  of  the  slates  are  given.  Also  a  notice  of  two 
small  outbursts  of  igneous  rock,  of  the  northern  syenite  type,  pre- 
viously unnoticed,  are  mentioned. 
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2.  <<  On  the  Geological  Age  of  Central  and  West  Cornwall."  By 
J.  H.  Collins,  Esq.,  F.G.S. 

The  author  divided  the  stratified  rocks  of  this  district  into  four 
groups,  as  follows: — 

1.  The  Fowey  Beds,  mostly  soft  shales  or  fissile  sandstones,  with 
some  beds  of  roofing  slate;  no  limestones  or  congldmerates.  These 
beds  cover  an  area  of  not  less  than  eighty  square  miles,  and  contain 
numerous  fragmentary  fish-remains  and  other  fossils,  many  as  yet 
undetermined,  the  whole*,  however,  indicating  that  the  beds  are  either 
Lower  DeTonian  or  Upper  Silurian.  The  strike  of  the  beds  is  N.W. 
to  8.E.,  and  they  are  estimated  to  be  not  less  than  10,000  feet  thick. 

2.  The  JLadock  Beds,  consisting  of  slaty  beds,  sandy  shales,  sand- 
stones, and  conglomerates ;  no  limestones  and  no  fossils.  They  cover 
an  area  of  more  than  100  square  miles  to  the  west  and  south  of 
8t.  Austell,  strike  from  east  to  west,  and  overlie  Lower  Silurian  rocks 
unconformably.     They  are  estimated  at  from  1000  to  2000  feet  thick. 

3.  The  Lower  Silurians  consist  largely  of  slates  and  shales,  with 
some  very  thick  conglomerates  (one  being  at  least  2000  feet  thick), 
some  quartzites,  and  a  few  thin  beds  of  black  limestone.  The 
quartzites  and  limestones  have  yielded  fossils  (chiefly  Orthidaa)  which 
are  pronounced  to  be  of  Bala  or  Caradoc  age  by  Davidson  and  others. 
The  total  thickness  of  these  beds  is  estimated  at  23,000  feet,  and  the 
fossils  are  found  in  the  upper  beds  only.  Instead  of  occupjring  only 
about  12  square  miles,  as  shown  on  the  Survey  Maps,  they  extend 
over  nearly  200  square  miles,  and  reach  southward  beyond  the  Helford 
Biver,  and  westward  to  Marazion.  The  strike  of  these  rocks  is  from 
north-east  to  south-west. 

4.  The  Ponsanooth  beds  occur  beneath  the  Lower  Silurians,  and 
unconformable  with  them  (strike  north-west  to  south-east) ;  they  are 
often  crystalline,  and  are  estimated  at  10,000  feet  thick. 

Each  of  these  formations  has  its  own  set  of  intrusive  rocks ;  each 
has  been  contorted  and  in  part  denuded  away  before  the  deposition  of 
its  successor. 

The  various  granitic  bosses  have  been  pushed  through  this  already 
complex  mass  of  stratified  rocks  without  materially  altering  their 
strike,  which  does  not  in  general  coincide  with  the  line  of  junction. 

The  chemical  effects  of  the  igneous  intrusions  are  generally  con- 
siderable, and  somewhat  proportioned  to  their  relative  bulk. 

3.  "  On  a  Second  Precambrian  Group  in  the  Malvern  Hills."  By 
C.  Callaway,  Esq.,  D.Sc,  F.G.S. 

These  rocks  occupy  an  area  of  about  half  a  square  mile  on  the 
east  of  the  Herefordshire  Beacon;  they  are  compact,  flinty  ''hom- 
stones,"  very  like  some  of  the  rocks  at  Lilleshall,  in  Shropshire,  which 
belong  to  the  newer  Precambrian  group  of  the  Wrekin.  The  strike  is 
not  distinct,  but  probably  is  quite  discordant  from  that  of  the  sub- 
jacent gneissio  rocks.  As  in  Shropshire,  so  here,  HoUybush  sandstone 
and  Dictyonema-^\i?i\.%%  occur  on  the  flank  of  the  Precambrian  mass,  and 
each  seems  to  have  formed  an  island  in  the  Lower  Silurian  seas,  which, 
during  the  formation  of  the  May-Hill  group,  was  depressed.  In  fact, 
in  both  regions  the  chief  movements  of  upheaval,  subsidence  and 
dislocation  appear  to  have  been  contemporaneous.     Thus  they  are  very 
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probably  of  the  same  age,  and  this  probably  is  that  of  the  Pebidians  of 
St.  Davids,  to  some  of  which  they  have,  lithologically,  a  very  dose 
resemblance. 


III.— June  9,  1880.— Eobert  Etheridge,  Esq.,  P.R.S.,  President,  in 
the  Chair. — The  following  commnnications  were  read  : — 

1.  '*  On  the  Occurrence  of  Marine  Shells  of  Existing  Speoies  at  Dif- 
ferent Heights  above  the  Present  Level  of  the  Sea."  By  J.  Gwjn 
Jeffreys,  LL.D.,  F.R.S..  Treas.  G.S. 

This  paper  resulted  from  the  author's  examination  of  the  Hollusca 
procured  during  the  expeditions  of  H.M.  SS.  '  Lightning '  and  '  Por- 
cupine' in  the  North  Atlantic.  He  stated  that  he  found  several 
species  of  shells  living  only  at  depths  of  not  less  than  between  9000 
and  10,000  feet,  which  species  occurred  in  a  fossil  state  in  Calabria 
and  Sicily  at  heights  of  more  than  2000  feet,  such  depths  and  heights 
together  exceeding  the  height  of  Mount  Etna  above  the  present  level 
of  the  Mediterranean.  He  then  gave  an  account  of  the  Post-Tertiary 
deposits  in  Europe,  Asia,  and  North  America,  to  show  their  various 
heights,  and  especially  of  the  raised  beach  on  Moel  Tryfaen  in 
Caernarvonshire,  which  was  from  1170  to  1350  feet  high.  Some  of 
the  shells  in  that  deposit  were  boreal  and  did  not  now  live  in  the 
adjacent  sea.  The  author  stated  that  no  shells  of  a  peculiarly  northern 
character  had  been  noticed  in  the  west  or  south  of  England.  He  then 
questioned  the  permanence  and  even  the  antiquity  of  the  present 
oceanic  basins,  from  a  consideration  not  only  of  tiie  fauna  which  now 
inhabits  the  greatest  depths,  but  also  of  the  extent  of  oscillation  which 
had  prevailed  everywhere  since  the  Tertiary  period.  A  complete  list 
of  the  Moel-Tryfaen  fossils  was  given,  to  the  number  of  60,  besides 
3  distinct  varieties,  of  which  number  11  were  arctic  or  northern,  and 
the  rest  lived  in  Caernarvon  Bay.  All  of  these  fossils  were  more 
or  less  fragmentary. 

2.  **  On  the  Pre-Devonian  Rocks  of  Bohemia."  By  J.  E.  Marr, 
Esq.,  B.A.,  F.G.8. 

The  author  commenced  with  a  bri«f  notice  of  the  Pre-Cambrian 
rocks,  which  are  gneisses  and  schistose  limestone  with  intrusive 
eclogite;  over  these  lie  unconformably  green  grits,  ashes,  breccias, 
homstones  (etage  A  of  Barrande),  which  the  author  considers  to  repre- 
sent the  Harlech  Group  of  Wales,  fitage  B  is  unconformable  with 
this,  but  conformable  with  C,  which  contains  the  "primordial" 
fauna.  D  contains  the  colonies.  E  to  H  are  Silurian,  and  more 
calcareous  than  those  underlying  them.  The  base  of  the  group  is 
unconformable  with  those  beneath.  The  lithological  characters  of  the 
various  beds  were  described.  The  following  are  the  associated  igneous 
rocks: — Granite,  Quartz  -  felsite,  Porphyrite,  Mica -trap,  Diabase, 
Diorite,  Eclogite.  Of  these  brief  descriptions  were  given.  The 
author  gave  a  comparison  of  the  various  shales  with  English  deposits. 
The  Pre-Cambrian  Series  much  resemble  the  Dimetian  and  Pebidian  of 
Wales,  the  latter  being  ^tage  A ;  6tage  B,  the  Harlech ;  ^tage  C,  the 
Menevian,  probably  a  deep-water  deposit,  as  is  indicated  by  the 
abnormal  size  of  the  eyes  of  its  Trilobites ;  the  lowest  bed  of  etage  D 
probably  represents  part  of  the  Lingula  Flags  of  Britain.     D,  a,  1|  /9 
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seems  to  represent  the  Tremadoc  shale  of  Britain,  and,  like  it,  contains 
pisolitic  iron-ore.  Kepresentatives  also  of  the  Arenig  and  Bala  beds 
are  found.  A  slight  unconformity  marks  the  base  of  the  Silurian. 
Three  Oraptolitic  zones  occnr.  The  lowest,  or  Diplograptun  zone, 
identical  with  the  Birkhill  shales,  contains  thirteen  species  of  Qrapto- 
lites ;  the  next,  or  Priodon  zone  (four  species),  resembles  the  Brathay 
Flags ;  the  upper,  or  Colonus  zone  (five  species),  resembling  the  Upper 
Coldwell  Beds  of  the  Lake-district.  Above  these  follow  representa- 
tives of  Wenlock,  Ludlow,  and  probably  of  the  Passage  beds.  The 
author,  with  the  evidence  of  these,  discussed  the  "  colonies  "  theory  of 
M.  Barrande,  pointing  to  the  non-intermixture  of  species,  notwith- 
standing the  irregular  repetition  of  the  zones,  the  non-occurrence  of 
these  colony  species  in  intermediate  beds,  and  other  reasons.  The 
stratigraphy  and  palaeontology  of  several  of  these  colonies  was  discussed 
in  detail,  showing  it  to  be  more  probable  that  their  apparent  inter- 
calation with  later  faunas  is  due  to  repetition  by  faulting. 

3.  "  On  the  Pre-Cambrian  Rocks  of  the  North-western  and  Central 
Highlands  of  Scotland."     By  Henry  Hicks,  Esq.,  M.D.,  F.G.S. 

The  author,  after  examination,  considers  the  rocks  of  the  following 
districts  to  be  wholly  or  in  part  Pre-Cambrian : — 

(1)  GUn  JFinnan,  Loch  Shiel  to  Caledonian  Canal. — In  the  former 
district  the  rocks  are  gneiss,  often  massive.  In  Glen  Firmilee  is  a 
series  which  the  author  regards  as  newer  and  Pebidian.  At  Farofem 
are  quartz  rocks  which  the  author  identifies  with  those  beneath  the 
limestone  in  Glen  Laggan,  near  Loch  Maree,  and  probably  of  Silurian 
age.  At  Bannavie  is  a  granite  which  the  author  considers  to  be  Pre- 
Cambrian. 

(2)  Fort  William  and  Glen  Nevis, — In  this  district  chloritic  schists 
and  gneiss  occur,  which  the  author  regards  as  Pebidian. 

(3)  Ballachuliehf  Glen  Coe^  and  Black  Mount. — Chloritic  schists  and 
quartzites  occur  here,  followed  near  Loch  Leven  unconformably  by 
Silurian  rocks.  On  the  east  of  the  Ardsheal  peninsula,  there  is 
granite,  which  the  author  believes  to  be  Pre-Cambrian.  Going  east- 
wards from  Ballachulish  we  have  slates,  probably  of  Silurian  age.  In 
Glencoe  are  granite-banded  felsite,  gneiss,  breccia,  resembling  as  a 
whole  the  rocks  of  the  Welsh  Arvonian  group.  Between  the  Black 
Mount  and  Loch  Sullich  are  traces  of  a  great  Pre-Cambrian  axis, 
bringing  up  the  gneissic  series ;  this  is  traceable  also  towards  Glen 
Spean  and  Loch  Laggan  to  the  N.E. 

(4)  Tyndrum  to  Callander. — South  and  east  of  the  former  are  gneisses 
and  silvery  mica-schists.  Crystalline  limestones  and  serpentines  are 
associated  near  Loch  Tay,  resembling  those  in  the  Pebidian  series  of 
North  Wales. 

The  author  states  that  the  Silurian  (and  Cambrian)  rocks  flank  the 
Pre-Cambrian  in  lines  from  N.E.  to  S.W.,  and  overlap  Ben  Ledi  on 
the  south  side.  Thus  here,  as  elsewhere,  subsequent  denudation  has 
removed  enormous  masses  of  the  more  recent  rocks,  only  here  and 
there  leaving  patches  of  these  in  folds  along  depressions  in  the  old 
Pre-Cambrian  floor. 


828  Co9re$pondence — Mr.  0.  Fisher. 


REPLY    TO    PROFESSOR    PERRY'S    COMMENTARY    ON 
PROFESSOR  MILNE  ON  VOLCANOS. 

Sib, — Professor  Perry  has  in  effect  charged  me  with  committing 
what  he  calls  the  **  common  error  of  many  geologists,  who  know  a 
little  mathematics,  of  imagining  that  they  can  create  a  mathematical 
theory  for  a  phenomenon."  It  would  be  well  if  this  sort  of  attempt 
were  a  little  more  common,  and  that  geologists  would  apply  a  litde 
more  frequently  the  test  of  "  how  much  "  to  their  theories.  Should 
errors  be  made  they  could  be  detected  and  exposed. 

But  in  the  present  case  this  rebuke  is  scarcely  merited  ;  for,  if  yoar 
readers  will  look  at  Prof.  Milne's  paper,  towards  the  foot  of  p.  169, 
they  will  see  that  the  effect  of  pressure  in  retarding  fusion,  referred 
to  by  his  apologist,  is  not  even  alluded  to  by  the  writer  :  but  solely 
the  effect  of  the  coldness  of  the  bottom  water  of  the  ocean  in  lower- 
ing the  position  of  "  any  given  isotherm." 

For  determining  that  point  I  believe  that  my  figures  give  the 
simple  consequence  of  the  acknowledged  law  of  mean  increase  of 
temperature ;  and  I  can  scarcely  be  accused  of  having  attempted  to 
*'  create  a  theory  "  thereby.  Perhaps  however  I  lacked  caution  when 
I  used  without  qualification  the  expression  **  melting  temperature." 
So  I  will  explain  what  I  meant  by  it 

We  must,  I  sappose,  accept  as  a  demonstrated  fact,  that  the  earth 
is  "  as  a  whole  "  extremely  rigid.  We  believe  that  its  interior  is 
extremely  hot.  From  these  two  propositions  taken  together  it 
follows  that  the  pressure  to  which  the  internal  parts  are  subject 
induces  solidity  in  matter  which  would  otherwise  be  fiuid  through 
heat.  This  conclusion  m£\y  be  accepted  without  appealing  to  ex- 
periments, the  results  of  which  seem  doubtful,  respecting  the  fioating 
or  sinking  of  solid  in  melted  rock.  We  know  further  that  the 
superficial  layer  (which  may  be  called  the  crust)  is  solid  from  cold. 
But  we  do  not  know  whether  there  is  a  continuous  and  constantly 
liquid  layer  between  the  crust  and  that  nucleus  which  is  maintain^ 
solid  by  pressure,  in  spite  of  its  high  temperature.  For  my  own 
part  I  suspect  that  there  is. 

We  may  feel  sure  however  that  at  a  certain  depth  the  rocks  are 
at  such  a  temperature  that,  if  not  already  fluid,  they  would  become 
so  if  relieved  of  the  superincumbent  pressure.  This  temperature 
would  be  the  same  as  that  at  which  they  melt  at  the  surface,  and  is 
what  I  meant  by  f  *  the  melting  temperature."  Used  thus,  the  term  is 
merely  a  name  for  a  particular  isotherm.  The  temperature,  at  which 
the  rocks  might  become  fiuid  in  spite  of  the  pressure  upon  them,  is 
more  correctly  termed  *'  the  melting  temperature  for  the  pressure." 
Prof.  MUne's  words  on  which  I  commented,  do  not  make  any 
reference  to  this  condition. 

Perhaps  it  may  be  asked — what  has  the  melting  temperature  at 
the  surface,  where  there  is  no  superincumbent  pressure,  to  do  with 
the  theory  of  volcanos  ? 

If  we  suppose  the  crust  to  be  crumpled  by  lateral  pressure,  the 
vertical  pressure  beneath  the  anticlinals  must  be  thereby  relieved. 
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Consequently  the  heated  rocks,  if  hitherto  kept  solid  by  pressure, 
would  enter  into  fusion  at  somewhere  abont  this  melting  tempera* 
tare,  when  the  pressure  was  thus  removed..  I  was  the  first  to 
point  this  out  in  1868.  It  would  seem  then  that  the  isotherm, 
corresponding  to  the  melting  temperature  at  the  surface,  will  near 
about  determine  the  thickness  of  the  permanently  solid  crust. 

Again,  if  a  fracture  were  to  be  opened  from  below  upwards,  as 
hiight  happen  in  any  portion  of  a  synclinal  trough,  or  less  advantage- 
ously from  above  downwards  in  an  anticlinal ;  or  if  three  or  more 
faults  radiating  from  a  central  vertical,  combined  with  a  slight 
horizontal  shift,  were  to  occur;  then  a  funnel  would  be  formed 
communicating  with  these  hot  rocks,  and  reducing  the  pressure  at 
that  spot  nearly  to  the  atmospheric  pressure.  Immediately  the  super- 
heated rooks,  which  probably  contain  superheated  water,  if  not 
already  fluid,  would  enter  into  fusion.  Steam  would  rush  upwards, 
and  lava  would  follow  it ;  and  although  statical  pressure  could  not 
perhaps  carry  this  quite  to  the  surface,  yet  the  momentum,  acquired 
by  the  molten  rock  in  flowing  towards  and  up  the  funnel,  would 
for  a  while  carry  it  still  further,  so  that  an  overflow  of  lava  would 
take  place.  But  when  this  momentum  was  expended,  it  would  sink 
back  again  into  the  funnel. 

I  have  formerly  offered  some  speculations  upon  these  and  kindred 
subjects,  fairly  open  perhaps  to  the  charge  of  ''imagining  that  I 
have  created  a  mathematical  theory  for  phenomena."  They  are 
contained  in  three  papers  published  in  the  Cambridge  Philosophical 
Society's  Transactions — viz.  "  On  the  elevation  of  mountains  by 
lateral  pressure,  with  a  speculation  on  the  origin  of  volcanic  action  ": 
1868.*  "  On  the  inequalities  of  the  earth's  surface,  viewed  in  con- 
nexion with  the  secular  cooling  " :  1873.  And,  "  On  the  inequalities 
of  the  earth's  surface  as  produced  by  lateral  pressure,  upon  the 
hypothesis  of  a  liquid  substratum  ":  1875.  These  have  been  all  of 
them  placed  in  the  library  of  the  Geological  Society. 

Haklton,  Sth  June,  0.  FiSHKB. 

THE  "PRE-CAMBRIAN*'  ROCKS  OF  ROSS-SHIRE. 

Sib,  —Now  that  Dr.  Hicks  has  completed  his  notice  of  the  Ross- 
shire  rocks,  I  must  ask  permission  to  make  one  or  two  comments, 
since  the  union  of  Mr.  Davies's  name  with  his  own  naturally 
strengthens  his  case.  Mr.  Davies's  support,  however,  I  venture  to 
say,  is  more  apparent  than  real ;  for  in  some  respects  no  one  disputes 
the  conclusion  ;  in  others  Mr.  Davies  speaks  with  reserve ;  while  in 
others  the  evidence  does  not  appear  to  me  to  have  been  fully  placed 
before  him. 

I  will  therefore  recapitulate  the  points  in  Dr.  Hicks's  original  paper 
(Q.  J.  G.  S.  vol.  xxxiv.  p.  811)  which  I  controverted  in  my  notes 
upon  the  district  (Q.  J.  G.  S.  vol.  xxxvi.  p.  93) : — 

1.  He  represented  the  so-called  syenite  in  Glen  Laggan  as  intru- 
sive in  the  quartzite  and  limestone  series.  I  asserted  that  this  rock 
in  the  main  was  not  igneous  and  was  not  intrusive,  but  brought  up 
by  faults.     Dr.  Hicks  still  maintains  that  it  is  igneous,  but  now  claims 

^  Reviewed  in  Naturey  yol.  y.  p.  381. 
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for  it  a  Pre-Cambn'an  age  (Oeol.  Mao.  p.  IjSS) — thus  admitting  an 
error.  Could  Mr.  Davies  aee  my  Bpectmens,  or  the  rock  in  the  field, 
I  am  convinced  he  would  have  no  doubt  that  at  any  rate  the  bulk  of 
the  mass  is  gneiss. 

2.  Dr.  Hicks  asserted  that  the  "  newer  series  *'  in  Glen  Laggaa 
(left  bank)  was  not  metamorphic.  I  replied  that  though  in  a  very 
different  condition  from  the  older  series,  these  rocks  were  much  more 
altered  than  is  usual  with  Paleeozoic  deposits,  and  were  rightly  termed 
metamorphic.  The  real  point  at  issue  does  not  appear  to  me  to  have 
been  made  quite  clear  to  Mr.  Davies ;  so,  with  all  respect  for  his 
opinion,  I  must  adhere  to  my  statement,  supported  as  it  is  by  good 
petrologists  to  whom  I  have  exhibited  the  specimens  and  slides. 

3.  Dr.  Hicks  asserted  that  the  older  series  re-appeared  in  Glen 
Docherty,  and  so  passed  up  into  Ben  Fyn  and  the  mountain  group 
southwards.  I  stated  that  of  this  re-appearance  (in  itself  so  improb- 
able) there  was  no  stratigraphical  or  petrological  evidence,  and 
that  the  microcsopio  structure  of  these  rocks  in  Glen  Docherty 
came  much  nearer  to  that  of  the  newer  series  in  Glen  Laggan  than 
to  any  other.  Here  again  I  think  the  evidence  has  not  been  fully 
before  Mr.  Davies. 

The  last  two  points  were  the  foundations  of  Dr.  Hicks's  argument^ 
so  we  need  not  occupy  time  by  discussing  the  rocks  of  Ben  Fyn. 

I  will  venture  upon  two  further  remarks.  One,  that  it  is  singular 
what  importance  the  rocks  of  Gaerloch  have  assumed  in  the  in- 
terval between  Dr.  Hicks's  first  and  second  paper.  In  the  one  they 
are  dismissed  merely  with  a  vague  allusion,  so  that  I  did  not  think 
it  needful  to  visit  a  locality  which  seemed  to  have  no  material  bear- 
ing on  the  controversy.  Now  they  are  placed  in  the  forefront  of  the 
battle.  A  comparison  also  of  the  sections  in  the  two  papers  (Q.J.G.S. 
vol.  xxxiv.  pp.  812,  814,  with  Geol.  Mag.  p.  159)  will  show  that 
important  changes,  not  of  detail  only,  have  been  introduced  (for  one 
at  least  of  which  I  should  like  to  see  the  evidence) .  These  changes 
ought  to  have  been  more  carefully  pointed  out  to  the  reader  than 
they  have  been.  The  other  remark  is  that  Dr.  Hicks  alludes  to  my 
work  as  hurried.  For  that  accusation  I  venture  to  say  there  is  no 
other  foundation  than  that  I  did  not  remain  in  the  district  so  long  as 
himself.  This,  indeed,  is  true ;  but  to  test  a  theory  ought  not  to  require 
so  long  a  time  as  to  invent  it  At  any  rate  I  remained  long  enough 
to  convince  me  that  the  above  three  assertions  of  Dr.  Hicks  could 
not  be  established.  On  that  point  no  amount  of  delay  would  have 
altered  my  opinion.  Further,  to  the  work  in  the  field,  the  study  of 
about  forty  microscopic  slides,  from  most  carefully  selected  specimens, 
has  been  added.  As  it  seems  to  me,  the  author  who  first  makes  a 
rock  intrusive  in  Silurian  beds,^  and  then  (without  again  visiting  the 
locality,  be  it  noted)  regards  it  as  Pre-Cambrian  (of.  Q.J.Q.S.  vol. 
xxxiv.  p.  814  with  Geol.  Mag.  1880,  p.  169)  is  more  open  to  the 
charge  of  hasty  work.  T.  G.  Bonnky. 

^  In  using  the  term  admitted  by  Dr.  Hicks,  I  do  not  wish  to  commit  myself  to  any 
opinion  as  to  the  age  of  the  **  newer  series."  It  is  possible  that  there  may  be  very 
much  l*re- Cambrian  rock  in  the  Scotch  Highlands :  my  contention  is  that  Dr.  Hicks^s 
proof  of  this  is  erroneous. 
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KEPLY  TO   PROFESSOR    HULL. 

Sir, — You  were  good  enough  to  publish  in  the  February  Number 
of  this  Magazine  a  letter  from  me  on  the  subject  in  dispute  between 
Prof.  Hull  and  Mr.  Wilson.  To  this  letter  Prof.  Hull  has  referred 
in  April,  page  185,  and  his  remarks  seem  to  call  for  some  reply. 

The  point  of  my  letter  was  to  show  that  the  north  and  south 
movements  which  have  affected  the  Carboniferous  rocks  of  Central 
England,  and  presumably  the  parallel  movements  in  other  localities, 
originated  before  that  portion  of  the  Permian  period  which  is  re- 
presented by  the  Marlslate  and  Magnesian  Limestone.  The  evidence 
I  reiterated  on  this  point  appears  to  me  conclusive,  and  Prof.  Hull 
in  his  letter  makes  no  attempt  to  refute  it,  but  shows  a  disposition 
to  introduce  personal  questions. 

At  the  conclusion  of  my  letter  I  expressed  an  opinion  which  in  no 
way  affects  the  gist  of  my  argument  but  which  appears  somewhat 
to  have  irritated  Prof.  Hull,  namely,  the  opinion  that  the  Permian 
and  Trias  are  not  separated  by  any  important  unconformability. 

This  was  certainly  weak  on  my  part,  because  it  raises  the  question 
what  is  and  what  is  not  an  important  unconformability,  and  gives 
my  opponent  the  opportunity,  which  he  has  not  been  slow  to  utilize, 
of  raising  a  side  issue.  On  this  point  I  will  content  myself  with 
saying  that  my  opinion  has  not  been  formed  on  local  phenomena 
only,  but  after  the  consideration  of  all  the  palaaontological  and  physi- 
cal facts  bearing  on  the  question,  and  with  due  regard  to  the  opinions 
of  our  fathers  Sedgwick,  Phillips,  and  Murchison. 

Once  more  let  me  recur  to  the  point  I  am  contending  for.  The 
relation  of  the  Carboniferous  rocks  to  the  Permians  along  the 
eastern  boundary  of  the  exposed  portion  of  our  Coal-field  clearly 
proves  that  the  north  and  south  strike  was  determined  before  the 
Permian  period.  This  must  have  been  produced  by  north  and  south 
movements  accompanied  by  denudation,  and  therefore  I  believe  that 
these  movements  and,  in  the  absence  of  any  conclusive  evidence  ^  to  the 
contrary,  the  parallel  movements  in  other  districts,  originated  before 
the  Permian  period.  As  evidence  on  this  point,  I  send  a  photograph 
which  I  wish  could  be  reproduced  as  a  woodcut  along  with  this  letter. 
It  was  taken  in  a  railway  cutting  at  Kimberley,'  which  extends. in 
an  east  and  west  direction ;  the  lower  beds  dipping  nearly  east  at  a 
high  angle  are  Carboniferous  shales  and  sandstones,  while  the  upper 
and  nearly  horizontal  beds  are  Permian  breccias  and  marls.  This 
section  may  be  taken  as  typical  of  the  relation  which  the  Permian 
rocks  bear  to  the  Carboniferous  along  the  eastern  edge  of  the  exposed 
portion  of  our  basin,  and  therefore  proves  in  the  most  convincing 
manner  that  the  north  and  south  movements  which  assisted  in  the 
formation  of  this  basin  originated  before  the  Permian  period. 

J.  J.  Harbis  Teall. 
9,  Axii  Saints'  Street,  Nottingham. 

>  Of  course  I  am  acquainted  with  Prof.  Hull's  paper,  Q.J.G.S.  vol.  ixi?.  p.  332. 
»  The  section  here  figured  is  referred  to  by  Mr.  Wilson,  Q.J.G.S.  1876,  p.  633. 
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THE  TERM  "SCHIST." 

Sir, — Undoubtedly  Mr.  Rutley  is  right  in  his  etymology  of  the 
word  **  schist/'  and  can  produce  authorities  for  the  sense  in  whidi 
he  proposes  to  use  it;  but  notwithstanding  this,  and  Mr.  Allport'i 
support,  I  must  confess  myself  a  schismatic. 

But  as  authority  has  been  named,  I  will  also  quote  one  by  way  of 
adding  to  the  confusion,  "  It  would  be  well  to  describe  no  strDctnre 
as  slaty  or  faeile  except  cases  of  transverse  cleavage  "  (Sedgwick 
Structure  of  Large  Mineral  Masses,  Tr.  G.  S.  ser.  2,  vol.  iii.  p.  480). 
Mr.  Hutley  says  (p.  239),  "  I  use  schistose  and  JisaiU  as  convertible 
terms  when  the  fission  is  not  of  that  perfect  kind  which  character* 
izes  slates  and  shales"  I  confess,  indeed,  that  I  can  see  no  reason 
etymological  or  otherwise  why,  if  the  term  "schist"  is  to  be  extended 
beyond  metamorphio  rocks,  those  with  slaty  cleavage  should  be 
excluded. 

"  The  correct  application  "  of  these  terms  must,  no  doubt,  to  some 
extent  "depend  on  usage/'  but  then  we  must  be  satisfied  that  usage 
has  not  proceeded  from  inaccuracy  and  will  not  give  rise  to  incon- 
venience. Surely  it  is  always  lawful  to  fix  the  sense  of  a  term  which 
previously  has  been  rather  vague.  This  Prof.  Jukes  attempted  to  do, 
as  I  venture  to  think,  wisely,  well,  and  intelligibly.  Schists,  then,  in 
his  sense  (and  I  believe  it  one  very  commonly  in  use  among  geolo- 
gists) are  metamorphio  rocks  with  a  fissile  structure  due  to  the 
arrangement  of  their  mineral  constituents.  Schistose  rocks  are  those 
which  possess  this  property  or  seem  to  possess  it ;  while  slates  have 
the  property  of  cleavage ;  shales  of  lamination.  Thus  all  schista  are 
in  some  sense  foliated  rocks,  though  it  is  possible  a  foliated  rock  (as 
sometimes  happens  with  gneiss)  may  not  be  strictly  a  schist.  With 
such  a  limitation  of  the  term  we  know  what  a  writer  means.  Just 
think  of  the  confusion  which  is  caused  when,  on  meeting  with  the 
word  schist,  we  are  uncertain  whether  the  author  is  speaking  of  a 
rock  that  has  undergone  great  chemical  alteration  or  practically  none 
at  all.  Seeing  then  that  (as  it  seems  to  me)  Prof.  Jukes's  limitation 
supplies  us  with  a  term  which  we  really  want,  I  trust  that  no  attempt 
will  be  made  to  extend  the  name  "schist"  beyond  the  group  of 
metamorphio  rocks.  T.  G.  Bonnet. 


ECCENTRICITY  AND  GLACIAL  EPOCHS. 

Sib, — There  are  some  points  in  Mr.  Hill's  remarks  as  to  the  causes 
of  a  Glacial  Epoch  which  I  think  require  rectifying.  He  admits 
that  the  total  amount  of  heat  radiated  by  the  sun  and  received  by 
any  portion  of  the  earth  in  any  one  year  is  a  fixed  amount  In  his 
letter  in  your  issue  of  April,  he  admits  as  probable,  that  the  heat 
given  up  in  the  formation  of  snow,  being  disengaged  in  the  upper 
regions  produces  little  effect  at  the  ground.  Now,  granting  these, 
I  think  it  is  clearly  demonstrable  that  a  Glacial  Epoch  may  be 
caused  by  an  increased  snowfall.  For  say  in  any  region  we  have 
through  increased  eccentricity  a  fall  of  two  feet  of  snow  as  against 
a  fall  of  one  foot  before  such  increase  of  eccentricity.    Then,  with 
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a  fixed  amount  of  heat  we  have  doable  the  work  to  do  in  reconvert- 
ing this  snow  into  water  and  vapour.  Hence,  we  must  conclude 
that  the  available  heat  influencing  the  climate  is  decreased  by 
exactly  the  amount  expended  in  this  work,  and  therefore  a  con- 
tinuance of  the  greater  snowfall  must  have  the  efifect  of  lowering' 
the  average  temperature  of  the  climate. 

On  page  17  of  your  January  Number,  Mr.  Hill  argues  that  owing 
to  increased  radiation  being  greater  in  proportion  to  the  increase  of 
temperature,  therefore,  that  this  may  be  a  cause  of  glaciation.  He 
apparently  ignores  the  fact  that  if  radiation  is  increased  in  greater 
proportion  by  a  rise  in  the  temperature,  it  is  decreased  in  like  pro- 
portion by  a  fall,  and  that  therefore  the  total  annual  radiation  with 
a  fixed  amouut  of  heat  received  is  therefore  also  a  fixed  amount 
If  this  total  radiation  was  not  a  fixed  amount,  would  it  not  have  the 
effect  in  high  latitudes,  where  there  is  a  great  difference  in  quantity 
of  heat  received  between  summer  and  winter,  of  causing  a  Glacial 
Epoch?  And  if  so,  how  is  it  that  with  this  cause  of  glaciation 
the  action  does  not  spread  towards  the  equator  as  it  should  do  if  so 
caused  ?  Jos.  Gbbenwood. 

DuBHAM,  June  Ut,  1880. 


"  POST-GLACIAL/' 

Sir, — Might  I  ask  the  anonymous  reviewer  of  my  pamphlet 
memoir  on  the  Colchester  District*  to  state  in  what  esoteric  sense  he 
uses  the  word  Post-Glacial ;  at  what  point  in  the  northward  reces- 
sion of  Arctic  conditions  he  draws  the  chronological  line  between 
the  Glacial  and  Post-Glacial  epochs;  and  why  he  supposes  that 
those  conditions  obtained  outside  of  the  Arctic  Circle  at  the  time  of 
formation  of  the  beds  I  have  described  as  Post-Glacial  in  the  work 
in  question. 

The  mammalia  and  most  of  the  invertebrata  are  present  in  the 
middle  and  lower  terraces  of  the  Thames  Valley,  whilst  TInio 
l%ltorali8y  three  of  the  Helices,  and  several  of  the  Coleoptera  indicate 
the  climate  of  more  southern  latitudes,  and  Corhicula  fluminalis  is  a 
sub-tropical  species. 

Further  deposits  have  been  formed  under  the  existing  geographical 
conditions  as  valley  brickearths  and  foreshore  mud  and  sand,  up- 
heaval of  the  latter  to  about  30  feet  having  taken  place,  with  an 
equal  extent  of  deepening  of  the  valleys  in  consequence. 

Hakleston,  13M  June,  1880.  W.  H.  BaltON. 

*  Gbol.  Mao.  Jmie,  1880,  p.  279. 


THE  CUDGEGONG  DIAMOND  FIELD. 

Mr.  Norman  Taylor,  whose  paper,  bearing  the  above  title,  was 
published  in  the  Geological  Magazine,  1879,  VoL  IX.  pp.  399-412, 
and  pp.  444-458,  requests  permission  to  make  the  subjoined  correc- 
tions, vijs. : — 
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PugH    410,  liiB  19  fromtop,       /or  "  C  J.'WilVimon,"  rrorf"  C. 
„      40i,     ,1     23      „     bottom, /or  "WUldra  Reedy  Creek,"  nm. 

Rtedy  Creek." 
„       402,     „  17.  IS  „     lop,        for  "  Ilipdiuh,"  nad  "  SUpduh, 
,        iOl,     ,,      21       „       ,,  for "  occMn,"  rtad '•  oecnrrmg." 

„      402,     „        *      „     botU)Iil,/or  "  40  ft.  mnre,"  md  '■40?Bet 
„       403,     H      13      „     top,         "  dHcendia;  order, "  mmu  "  the 

Ihey  Dccnr  in  deecending  the  iit 
„      107,     „       T      „    bottom./ai-  "  greenaud,"  read "  gemiand 

OBITTTABT. 

REV.  JAMES  CLIFTON  WARD,  F.Q, 
The  annoiDicement  of  the  death  of  the  Bubjeot  of  this 
liave  been  to  moat  of  his  many  friends  a  shock  wholly 
both  on  awouat  of  the  early  age  at  which  ho  passed  a< 
very  brief  illoess  which  preceded  his  decease. 

Aftor  ft  weakly  boyhood,  he  entered  theRoyal  School 
a  studeut  in  ISRl,  and  gained  the  Edward  Forbes  Mec 
of  books  in  186^  Ic  the  following  year  he  joined  thi 
Survey,  and  was  sent  dowa  to  Yorkshire.  He  worked  t 
Millstone-^rit  and  Lower  Coal- measures  in  the  neighl 
Sheffield.  Penistone,  Huddersfield,  Halifax,  and  Leed 
Ward  was  never  of  robust  appearance,  he  had  obvioui 
both  in  height  and  breadth  since  leaving  the  School  of 
seen  by  th(  present  writer  in  1868;  so  well  had  the  I 
healthy  wcrk  of  the  Survey  agreed  with  him.  While 
he  alwflys  preferred  MilUtone-grit  to  Coal-measure  w 
paper  n^ad  before  the  Qeological  Society  in  1869  marks 
his  last  labours  in  that  county.  It  is  "  On  Beds  of  suf 
liegtudo  Ago  near  Knareaborough ;"  and  in  it  he  pro 
stone-^i-it  affinities  of  the  beds  in  questiun,  known  as  tl 
Grits. 

In  181)0  he  was  transferred  to  Eeswick,  and  the  oh 
colliery  district  to  a  locality  not  only  devoid  of  coal-pil 
which  wild  Nature  puts  forth  all  her  charms,  was  in 
degree  pleasing  to  bim.  At  Eesvrick  his  activity  beca 
His  Survey  work  and  its  results  are  now  represe 
Geological  Survey  Memoir  on  "  TLo  Geology  of  the  N 
of  the  English  Lake  District  "  (published  in  1876),  and 
maps  and  sections.  He  also  contributed  many  pa 
Geological  Society,  and  to  various  periodicals,  b«ii 
structure  rf  the  Lake  Country.  Of  these  may  be  meni 
first  plnce,  two  on  its  glaciation,  entitled  :  "The  Origi 
the  Lake  Basins  of  Cumberland,"  Q.J.G.S.  1671 ;  and, ' 
tion  of  tbo  Southern  Part  of  the  Lake  District,  etc,"  Q 
Iti  Imth  jiitpers  the  origin  of  the  lakes  is  discussed,  an 
the  KnglJKh  Lake  Country)  the  original  investigations  ' 
oonfirm  tlie  views  so  long  held  by  Professor  A.  C.  Rat 
a  are  iUastrated  by  sheets  of  sections  of  the  Lighes 
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Talue,  and,  to  make  the  work  more  complete,  the  results  of  a  series 
of  soundings  carefully  taken  on  most  of  the  lakes  by  this  indefatig- 
able worker  are  also  given. 

In  the  years  1875  and  1876,  and  more  recently,  microscopical 
examination  of  the  rocks  of  the  Lake  District  occupied  much  of  his 
time.  Of  papers  on  this  subject  I  may  here  note  one  ''On  the 
Granitic,  Granitoid,  and  Associated  Metamorphic  Rocks  of  the  Lake 
District,*'  the  first  part  of  which  appeared  in  the  Q.J.G.S.  for  1875, 
and  the  second  in  the  volume  of  the  same  periodical  for  1876. 
Another  paper  is  entitled,  ''  Notes  on  the  Comparative  Microscopic 
Bock-Structure  of  some  Ancient  and  Modem  Volcanic  Bocks/'  and 
may  be  seen  in  the  Q.J.G.S.  for  1875.  Among  his  latest  contribu- 
tions to  geological  literature  may  be  mentioned  '*  Notes  on  the 
(Geology  of  the  Isle  of  Man,'*  which  appeared  in  the  Number  of  this 
Magazine  for  January  last.  Of  course  the  papers  hitherto  noticed 
are  but  typical  samples  of  his  work,  and  not  an  exhaustive  list  of  his 
productions. 

But  the  most  characteristic  side  of  his  untiring  energy,  and  perhaps 
its  most  important  one,  was  the  zeal  with  which  he  worked  for  the 
diffusion  of  scientific  knowledge  while  in  Cumberland.  Before 
leaving  Yorkshire  he  had  written  a  small  elementary  book  on 
Physics,  and  one  of  the  first-fruits  of  his  educational  activity  at 
Keswick  was  a  similar  work  on  Geology,  composed  of  nine  lectures 
delivered  in  the  first  place  before  a  school  audience,  and  secondly 
before  the  Keswick  Literary  Society.  Being  simple,  clear,  and  free 
from  unnecessary  technicalities,  his  lectures  soon  became  popular, 
and  the  lecturer  himself  acquired  influence. 

But  as  the  originator  and  main  support  of  the  ''Cumberland 
Association  for  the  Advancement  of  Literature  and  Science,"  and  of 
most  of  the  local  societies  connected  with  it,  he  accomplished  a  work 
which  it  may  be  hoped  will  not  now  be  suffered  to  languish,  but  will 
remain  a  lasting  monument  of  his  beneficent  activity.  A  glance  at 
the  outer  cover  of  the  Transactions  of  the  Cumberland  Association 
(Part  iv.  was  published  at  the  beginning  of  this  year),  shows  the 
date  at  which  each  of  the  associated  societies  was  founded,  and  dis- 
closes the  fact  that  only  one  of  them — Whitehaven — existed  before 
Ward's  appearance  in  the  county.  The  dates  of  the  others  vary  from 
Keswick,  1869,  to  Silloth,  the  latest,  1879. 

He  married  at  the  beginning  of  the  year  1877,  and  very  shortly 
after  left  the  Lake  Country  to  do  field-work  in  the  lone,  bare  district 
of  Bewcastle,  on  the  Lower  Carboniferous  rocks,  wintering,  however, 
in  Keswick  as  before.  But  on  finishing  the  Bewcastle  work  he  made 
preparations  for  entering  the  Church,  and  was  licensed  to  the  curacy 
of  St.  John's,  Keswick,  in  December,  1878.  He  was  as  successful  in 
his  new  duties  as  he  had  been  as  a  geological  surveyor,  and  was 
appointed  at  the  beginning  of  this  year  to  the  vicarage  of  Bydal, 
which,  to  a  man  of  his  tastes,  must  have  seemed  preferable  to  the 
most  dignified  and  lucrative  post  in  a  locality  inferior  in  natural 
charms  and  poetical  associations;  even  apart  from  its  nearness  to 
Keswick.     But  he  was  scarcely  established  in  his  new  home  when  a 
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brief  illness,  which  only  at  the  last  seemed  dangerous,  caused  his 
departure,  at  the  age  of  thirty -seven  years,  for  "  the  land  of  the  leal," 
leaving  behind  a  widow  and  two  children. 

His  sweet  and  genial  disposition,  and  the  absence  in  him  of  the 
least  approach  to  the  temper  of  the  dogmatist,  caused  him  to  number 
among  his  friends  men  of  every  shade  of  speculative  opinion.  It  was 
this  amiability,  in  addition  to  his  ability  as  a  lecturer,  and  the  single- 
mindedness  of  his  desire  for  the  spread  of  knowledge,  which  made 
him  so  successful  in  connexion  with  the  Cumberland  Association, 
when  the  simple  fact  of  his  not  being  a  Cumbrian  by  birth  would 
have  been  fatal  to  any  merely  active  and  zealous  man.  For 
the  Cumbrians,  like  their  Scottish  neighbours,  have  no  urgent  need  to 
pray, — "  Lord  1  gie  us  a  gude  conceit  o'  oursels  ;"  and  would  certainly 
have  resented  any  approach  to  a  "  gude  conceit  '*  of  himself  in  any 
stranger  taking  upon  himself  a  prominent  position  as  a  reformer  in 
their  oounty.  His  success,  therefore,  in  that  capacity,  is  perhaps  the 
most  remarkable  achievement  adorning  the  short  but  admirable  life 
of  James  Clifton  Ward.— T.  V.  H. 


PROF.  D.  T.  ANSTED,  M.A.,  F.R.S.,  F.G.S.,  ETC. 

BoBN  1814 ;   DiBD  1880. 

By  the  death  of  Prof.  Ansted,  geological  science  has  lost  one  of  its  cultiTaton, 
both  in  its  scientific  aspect,  and  also  in  its  practical  bearings. 

Bom  in  1814,  he  was  educated  at  a  prirate  school  in  London  and  afterwards  at 
Cambridge,  where  he  took  high  Mathematical  honours  as  a  Wrangler  in  1836,  and 
attained  his  M.A.  in  1839.  For  some  time  he  was  a  Fellow  of  Jesus  College.  In 
1840  he  became  the  Professor  of  Geology  at  King's  College,  London,  and  in  1845, 
Lecturer  on  Geology  at  Addiscombe,  and  Professor  of  Geology  at  the  College  of 
Civil  Engineers,  Putney.  About  this  period  (1844),  he  accepted  the  post  of  Vice- 
Secretary  of  the  Geological  Society  of  London,  and  Editor  of  the  Quarterly  Jounial 
of  the  Society.  In  1868  he  was  appointed  Examiner  in  Physical  Geography  to  the 
Science  and  Art  Department. 

Since  1848  he  has  been  chiefly  occupied  as  a  Consulting  Mining  Engineer.  Prof. 
Ansted  has  written  numerous  works  on  Geology  and  Physical  Geography,  as  well  as 
contributing  to  most  of  the  leading  scientific  journals  of  the  day. 

Henut  Ludlam,  F  G.S. — We  have  also  to  notice  with  deep  regret  the  death 
(on  June  23rd)  of  our  friend  Mr.  Henry  Ludlam,  F.  G.  S. ,  who  specially  deyoted  him- 
self to  the  study  of  Mineralogy,  and  whose  private  collection  is  the  finest  in  London 
both  in  foreign  and  British  species.  It  includes  both  the  Turner  and  Nevill 
Collections,  as  well  as  the  choicest  minerals  from  many  other  well-known  Cabinets. 

Wb  regret  to  notice  the  death  of  Mr.  W.  H.  Hollowat,  F.G.S.,  of  the  Geological 
Survey  of  England  and  Wales.  Mr.  Holloway  joined  the  Survey  in  1869,  and 
received  his  training  in  field-work  from  Prof.  Judd,  on  the  Liassic  and  Oolitic  district 
described  in  the  Memoir  on  the  Geology  of  Butland.  Since  this  time  he  has  been 
continuously  employed  in  mapping  these  rocks  and  overlying  Drift  deposits  in 
Lincolnshire  and  Nottinghamshire,  particularly  in  the  neighbourhood  of  Grantham 
and  Sleaford,  where  his  work  was  carried  on  in  great  detail  and  with  every  attention 
to  minute  accuracy.  Mr.  Holloway  was  a  Member  of  the  Geologists*  Association, 
and  was  one  of  the  directors  at  the  excursion  made  to  Grantham  and  Nottingham,  at 
Easter,  1876. 
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J. — Ok  the  Spegibs  of  Bbaohiopoda  that  Chabaotebize  the 
"GBfes  Abmobioain"  of  Bbittany,  tooetheb  with  a  few 
Obsebvations  on  the  Budleiqh  Saltebton  ''Pebbles." 

By  Thomas  Dayidson,  F.K.S.,  F.G.S. 
(PLATE  X.) 

DURING  the  past  twelve  months  I  have  devoted  much  time 
to  the  careful  study  of  those  questions  that  relate  to  the  pro- 
hable  source  of  derivation  of  the  sandstone  and  quartzite  boulders 
or  "  pebbles  "  that  were  drifted  and  accumulated  in  the  neighbourhood 
of  Budleigh  Salterton  by  "  Bunter  "  waters.  The  detailed  results 
of  my  investigations  will  appear  in  my  forthcoming  Devonian  Sup- 
plement. Cornwall  and  North  Devon  having  been  pointed  at,  as  a 
probable  source  of  derivation,  I  considered  it  necessary  to  study  the 
rocks  and  fossils  that  exist  in  those  portions  of  Great  Britain,  as 
well  as  those  that  occur  in  Normandy  and  Brittany,  on  the  other 
side  of  the  Channel. 

After  some  little  trouble  I  was  able  to  assemble,  for  examination, 
nnmerous  examples  of  rock,  and  all  the  specimens  and  species  of 
Brachiopoda  that  had  been  collected  from  the  Lower  Silurian 
deposits  of  the  south  of  Cornwall,  and  which  were  kindly  lent  to 
me  out  of  the  museums  of  Penzance,  Truro,  the  School  of  Mines, 
London,  the  Woodwardian  Museum,  Cambridge,  the  Museum  of 
Edinburgh  Geological  Society,  as  well  as  from  various  other  sources. 
Mr.  Peach,  the  father  of  Cornish  Lower  Silurian  geology,  and  fii-st 
discoverer  of  its  fossils,  aflforded  me  every  facility  and  information 
within  his  power,  as  did  also  Mr.  J.  H.  Collins,  of  Truro. 

After  a  long  and  careful  examination  of  all  these  Cornish  spe- 
cimens, and  a  lengthened  correspondence  upon  the  subject  with 
M.  de  Tromelin,  I  found  that  they  represented  five  species  only,  or 
that  were  identifiable,  viz.  Strophomena  grandis,  Orthis  iScotica, 
Orihis  ealUgramma,  var.  0.  BerihoBi,  var.  ComuhienstSy  and  0. 
Budleighensis  (the  shell  so  often  confounded  with  Orthts  redux,  of 
Barrande).^   I  also  examined  with  care  the  Devonian  rocks  of  North 

*  I  hAve  devoted  a  quarto  plate  to  the  illustratioii  of  the  Cornifih  species,  and  four 
to  the  delineation  of  those  that  occur  at  Budleigh  Salterton. 
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Devon,  and  the  Hangman  grits  in  particular,  and  arrived  at  tbe 
conclusion  that  the  Devonian  ''pebbles"  accumulated  at  Budleigh 
Salterton  could  not  have  been  derived  from  North  Devon,  and 
especially  from  the  Hangman  grits,  which  contain  very  few  Brachio- 
poda  besides  Stringocephalua  Burtini,  a  species  that  has  not  hitherto 
been  found  in  any  of  the  "  pebbles  "  above  alluded  to. 

In  1864,  Messrs.  Vicary  and  Salter  attributed  the  Budleigh 
Salterton  ''pebbles"  to  the  Silurian  period.  In  1869  I  showed  that 
while  a  portion  of  the  pebbles  were  unquestionably  Silurian,  another 
portion  were  undoubtedly  Devonian. 

Since  then,  M.  Graston  de  Tromelin  and  M.  Lebescont^'  have 
shown  by  their  elaborate  study  of  the  Silurian  and  Devonian  rocks 
of  Normandy  and  Brittany  that  the  Lower  Silurian  pebbles  of 
Budleigh  Salterton  were  distinctly  referable  to  two  well-defined 
stages  or  horizons.  First  to  the  "  Gr^s  Armoricain,"  which,  according 
to  M.  de  Tromelin,  would  correspond  with  our  Lowest  Llandeilo, 
or  perhaps,  even  "  Stiper  Stones,"  and  which  in  Brittany,  as  well 
as  at  Budleigh  Salterton,  would  be  characterized  by  the  presence  of 
Lingula  Zesueurij  JL  Bdwkeit  L,  Salieri  and  Dinobolua  Brimonti — 
species  that  have  not  hitherto  been  discovered  in  any  rock,  in  titu,  in 
Great  Britain. 

Above  the  Gr^s  Armoricain,  in  Brittany,  we  find  slaty  schists 
with  an  occasional  band  of  yellow  sandstone,  in  which  Brachiopoda 
are  abundant ;  but,  with  the  exception  of  Orthia  Budleighensis,  which 
abounds  at  Andouville  and  La  Huuandiere,  I  could  find  among  the 
numerous  specimens  kindly  lent  me  by  M.  Lebesconte  no  other 
species  with  which  I  was  acquainted  that  occurred  likewise  in  the 
Budleigh  Salterton  pebbles. 

We  must,  however,  not  omit  to  observe  that  at  La  Couyere 
in  Brittany,  according  to  M.  M.  Eouault.  M.  de  Tromelin,  and 
M.  Lebesconte,  black  slates  occur  full  of  flattened  distorted  speci- 
mens of  a  large  Orikis,  the  type  of  Eouault's  Orihia  Berthosu 
Thanks  to  M.  Lebesconte  I  have  been  able  to  examine  a  number 
of  specimens  of  this  flattened  species.  It  is  marginally  nearly 
circular,  measuring  some  19  or  20  lines  in  length  and  breadth,  tbe 
surface  of  the  valves  covered  with  numerous  fine  radiating  raised 
lines  or  riblets,  crossed  at  intervals  by  concentric  lines  of  growth. 
The  typical  form  of  Rouault*s  species  has  not,  that  I  am  aware  of, 
been  hitherto  discovered  in  Great  Britain. 

Above  the  schists  we  find  the  sandstones  and  quartzites  of 
May,  St.  G^rmain-sur-Ille,  La  Bouexiere,  and  other  places,  so 
well  described  by  the  French  geologists  above  named.  This 
"  Gres  de  May "  has  long  been  considered  to  be  referable  to  the 
Caradoc,  and  in  it  are  found  immense  numbers  of  internal  casts  and 
impressions  of  Orthia  Budletghenaia,  as  well  as  of  a  small  variety  of 
Orihia  Berthoai,  to  which  I  gave  the  varietal  desi^ation  of  erratiea, 

*  Assoc.  Franc,  pour  ravancement  de  la  Science,  Congr^s  de  Nantes,  1876,  Bull. 
Soc.  Linn  de  Normandie,  3  ser.  vol.  i.  p.  6,  1877 ;  Congr^s  du  fiavre,  1877,  Bull. 
Soc.  Geol.  de  France,  3  ser.  t.  iv.  p.  683,  1876 ;  and  M.  J.  Moriere,  Note  sur  h 
gr^s  de  Bagnolos,  Bull.  Soc.  Linn,  de  Normandie,  3  ser.  toI.  ii.  1868. 


I%08.  Davidson — Brachtopoda  qf  Brittany  and  8.  Devon,     339 


and  which  along  with  Lingula  Iforieret,  Tromelin,  are  all  species 
that  occur  in  the  quartzites  and  sandstone  pebbles  of  Budleigh 
Salterton. 

Above  the  "  May  Sandstone,"  in  Brittany,  we  come  upon  a  deposit 
of  slaty  schists,  which,  however,  contain  but  a  few  Brachiopoda,  and 
these  in  an  unsatisfactory  and  crushed  or  distorted  condition. 

The  Silurian  Brachiopoda  hitherto  discovered  in  the  Budleigh 
Salterton  pebbles  may,  therefore,  be  arranged  in  the  following  strati- 
graphical  order : 


6r^  de  May — Caradoc 


Gr^  Armoricain — Lowest 
portion  of  Llandeilo. 


S  Lingula  Morierei,  Tromelin. 
Terebratula?  sp. 
Nueleotpira  Vicaryi,  Dav. 
Orthis  Berthotif  yar.  erratiea,  Day. 
Orthis  puhinatOy  Salter. 
0,  Valpyiana^  Day. 
V  0,  JBudleighetuUf  Day. 

i  Lingula  Lesueuriy  Bouault. 
X.  Sawkeif  Bouault. 
X.  Salteri,  Day. 
Dinobolua  Brimonti,  Bouault,  sp. 


A  Lingula  much  resembling  £w  crumena  has  also  been  discovered 
at  Budleigh  Salterton,  but  it  may  possibly  be  a  malformation  of 
L.  Sawkei,  Above  the  Lower  Silurian  deposits  of  Brittany,  we 
have  a  large  development  of  Devonian  sandstones,  quartzites,  and 
limestones,  identical  in  mineral  composition  and  colour  with  that  of 
the  "  Pebbles "  of  Budleigh  Salterton ;  but  it  is  in  the  Lower 
Devonian  Sandstone  of  that  country,  or  that  named  "  Gr^s  d  Or  this 
Ifonnieri "  by  M.  de  Tromelin,  that  we  find  the  larger  number  of 
species  that  occur  likewise  in  the  Budleigh  Salterton  pebbles.  The 
Orihis  Monnieriy  Bouault,  is  the  shell  which  I  described  in  1869  by 
the  name  of  Or  this  Vicaryi,^  It  occurs  in  the  yellow  sandstone  at 
St.  Aubin  d'Aubigny  and  at  Gahard.  We  have,  besides  this  species, 
in  the  same  rock,  Spiriferina  ocioplicata,  Bhynchonella  elliptica  and 
others. 

I  have  made  out  some  twenty-eight  species  of  Devonian  Brachio- 
poda as  occurring  in  the  Budleigh  Salterton  pebbles,  and  M.  de 
Tromelin  has  pointed  out  among  them  the  presence  of  Orthis  Jlamoni, 
Bouault,  a  species  recently  figured  by  Mr.  Bayle,  and  which  occurs 
also  in  the  Devonian  sandstones  of  Brittany. 

It  is  quite  true,  as  was  remarked  by  Mr.  Peach  and  Mr.  Etheridge, 
that  we  find  in  the  Lower  Silurian  rocks  of  Coinwall  bands  of  a 
light  grey  quartzite,  with  casts  and  impressions  of  Orthis  Budleighensts, 
and  that  pebbles  of  a  similar  nature  and  with  the  same  fossil  are  to 
be  found  at  Budleigh  Salterton ;  but  when  we  consider  that  out  of 
the  twelve  species  of  Silurian  Brachiopoda  that  are  found  in  the 
"pebbles,"  only  one,  or  at  most  two,  of  the  species  occur  in  the 

^  Out  of  the  tbirty-siz  new  species  of  Brachiopoda  merely  named  or  briefly  described 
by  Marie  Bouault,  only  one  wasfig^uredby  him,  yiz.  the  Orthis  Berthoai.  This  want 
01  illustrations  has  been  the  cause  of  much  unayoidable  misconception  and  errors  in 
identification.  The  public  had  not  eyen  the  advantage  of  being  able  to  consult  the 
original  types,  which  are  not  exhibited  in  the  Museum  at  Eennes. 


:M0      ThM.  Datidmm—Brmdkkpoia  of  BriiUm^  mmi  8,  Ikwm. 

CoTniflh  rocks,  it  is  eiident  thst  we  most  look  to  other  somoes  for 
the  deriratioii  of  the  gre^  bulk  of  the  Silurian  pebbles  accmnolsfced 
St  Bodleigfa  Salterton.  It  is  probsble  that  bat  a  proportioiistely 
small  number,  if  anj,  of  the  pebbles  were  actnaUj  drifted  from 
Cornwall  to  Sooth  Peron,  and  that  it  is  to  Fiance,  or  to  an  eztennm 
of  Silurian  and  Deronian  rocks  that  maj  have  existed  in  the  Channel 
and  nearer  to  Devonshire,  that  the  pebbles  now  accmnnlated  near 
Bodleigh  Salterton  were  mainlj  deriTed.  This  is  likewise  the  view 
taken  by  M.  de  Tromelin  and  M.  Lebeeoonte,  and  is  reciproGsied 
by  most  of  our  British  geologists  who  hsTe  interested  themselTes  in 
the  qoestion^' 

It  is  also  remarkable  that  qnartzite  pebbles  exactly  similar  to  those 
that  occor  at  Bodleigh  Salterton  and  containing  Ortkis  Bmdleighami 
have  been  found  in  drifl  deposits  in  Warwickshire,  near  Leicester, 
near  Nottingham  and  Birmingham.  Others  with  Lingwla  Ltamnai  in 
Warwickshire,  and  near  BirmiDghanu  While  qnartzite  pebbles 
with  Sp,  Vemeutlii  have  been  picked  np  near  Birmingham,  and  one 
with  a  Di$cina  Yiearyi  on  the  Chesil  Bank. 

DufOBOLus  Brimohti,  Booault  sp.    PI.  X.  Figs.  1 — 6. 

Linyula  Brimomti,  Rooault,  1850.   ZmpOa  ffmwkei,  Salter  tad  Dcr.  (not  of  Boo.). 

I  never  felt  satisfied  that  this  remarkable  fossil  belonged  to  the 
genus  Lingula,  and  both  M.  de  Tromelin  and  Prof.  Bayle  hinted  to 
me  that  it  was  in  their  opinion  not  a  species  of  Idngula,  and  that  a 
new  gen  OS  would  have  to  be  created  for  its  reception. 

Thanks  to  the  liberality  of  M.  Lebesconte,  I  have  recently  been 
able  to  study  a  large  series  of  bivalve  specimens  as  well  as  finely 
preserved  internal  casts  of  both  valves,  and  at  once  perceived  that  the 
species  possessed  all  the  characters  of  Hall's  genus  Dinobolus,  and  of 
which  genus  Prof.  King  and  myself  had  given  an  elaborately 
illustrated  description  in  the  Quarterly  Journal  of  the  Geological 
Society,  vol.  xxx.  1874.  We  can  therefore  dispense  with  burdening 
the  nomenclature  with  another  new  genus.  Dinobolus  Brimonti  is 
very  variable  in  its  shape,  but  generally  more  or  less  quadrate,  with 
rounded  angles ;  sometimes  it  assumes  a  triangular  form  (PL  X.  Fig.  4). 
The  dorsal  valve  is  the  deepest  and  most  convex  or  inflated,  a 
median  longitudinal  depression  being  observable  in  the  ventral 
valve.  The  beak  projects  moderately  (Fig.  3),  and  although  smooth 
exteriorly,  the  surface  of  both  valves  is  strongly  marked  with 
deeply  indented  concentric  lines  or  projecting  ridges.  In  the  interior 
of  the  ventral  valve,  we  observe  a  well-defined  platform  on  which 
are  situated  the  lateral  and  anterior  muscular  scars  o  and  n,  as  well 
as  the  crescent  r.  On  the  interior  surface  of  the  dorsal  valve,  in 
addition  to  the  anterior  and  median  yshaped  muscular  scars  o  and  iS| 

1  M.  liebcftconte  informs  me  that  fossiliferons  sandstones  and  qnartzites  have  been 
found  in  the  following  localities,  in  Normandy  and  Brittany — 1.  Ores  Armoricain^ 
Pontr^'an,  Plechatel,  Ouichen,  Sion,  Chateaubriant,  ProYOstais,  Laille.  2.  Grk  de 
May,  La  Botiexidrc,  St.  Germain-sur-Ille,  May,  Jusques.  Orh  Devonien^  Gahard, 
St.  Aubin  d'Aubign6. 
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'e  observe  the  oreaoeat  r,  and  wliiah  will  be  clearly  seen  in  the 
gtires  of  our  Plate. 


DiNOBOLCg   BftlXONTI. 

0.  Interior  mrface  of  rentral  TalTe.  7.  Interior  mrtsce  of  dan«l  Ttlve. 
0  lalenl  bcui,  k  anterior  scan,  m  median  acan,  r  crescent. 
I  may  also  note  tbat  sabseqaently  to  the  publication  of  ProfesHcr 
king's  and  my  memoir  on  the  Trimerellida,  Prof.  Fred.  Schmidt  diF- 
nvered  in  a  light  yellowish  limestone  at  Laisholm  in  Kussia  (his 
chicht  5)  a  number  of  internal  casta  of  a  small  Bpecies  of  TrimereUa, 
nd  at  Werden  in  the  same  country  (in  his  Schict  6)  a  species  of 
fonomerella.  So  that  examples  of  this  important  family  of 
Irachiopods  are  now  known  from  Swedeu,  Russia,  France,  England, 
lanada  and  the  United  States,  and  will  no  doubt  be  discovered  in 
ther  places.  The  Dinobolu*  Srimonti  is  the  most  ancient  representa- 
ive  of  the  family  with  which  we  are  at  present  acquainted. 

2.  LiNQUxi?  Lkscbcri,  Renault    PL  X.  Fig.  7. 

This  very  remarkable  lanceolate  species  is  now  well  known,  and 
as  been  figured  by  Salter  and  myself.    It  has  been  questioned  by 


Figs.  I,  2,  3.    GlcUidia  Palmitri,  Dili  (reMnt). 

1.  Eit«rior.    2.  Interior  of  rentnil  islre.    3.  Interior  of  dorsal  Talve.    a.  p.  septa. 

4.  Lingula  Ltiueuri,  Roaault,  Lower  Silurian. 

K.  de  Tromelin  whether  it  is  a  true  lAagula.     It  entirely  resembles 
a  external  shape  and  size  Glottidia  PcUmieri,  Dall,  a  shell  that  lives 
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in  the  Oulf  of  California,  and  whicb  la  charao- 
terized  by  one  short  median  Beptnm  ia  the  ven- 
tral valve  (Fig.  2,  o),  and  two  diveT;Kii^  onei 
in  the  doraal  one  (Fig.  3,  p).  M.  de  Tromelin 
saja  that  fae  baa  seen  similar  septa  in  both  valvei 
of  Linguta  Letueuri,  and  indicatioDB  of  them  ue 
visible  on  the  internal  caat,  Fig.  i.  It  nilli 
therefore,  remain  a  question  for  further  conai- 
deration,  whether  tlie  Lower  Silurian  species 
might  not  be  referable  to  Dall's  genus  GloUidia  f 
I  ma;  also  mention  that  Mr.  Yicaiy  has  recently 
found  in  a  Budleigh  Salterton  pebble  a  speci- 
men of  Lingala  heuiewri,  with  its  pedunole  fos- 
silized, Fig.  5.  lliis  is  a  remarkable  oocurrenca, 
although  not  unique. 

Lingula  Leiueuri  is  tolerably  abundant  in  the 

Armorican  Sandstone  at  Pontreon,  Guiohen,  and 

Sion    in  Brittany.      U.  Uoriere  has  found  it  in 

.  beda  of  a  similar   age  at  Bagnoles — and  1IL  de 

witli  ^p^und""Bud-  Tromelin  has  recently  disoovered  it  at  Loiiolei, 

Icii^li  SaltcrtuQ.  near  Roquebran  (Herault). 

3.  LiNQDu.  ?  Hawmi,  Eonault.     PI.  X.  Figs.  8—11. 

Lmfula  Souaulti,  Salter  ud  DaTidion. 

This  remarkable  species  differs  much  from  the  common  shapes  of 
Litigula,  although,  as  far  as  X  could  ascertain,  it  possesses  similar 
uuscular  impreaaions,  as  will  be  seen  by  a  glance  at  Figs.  9,  10,  11, 
of  our  Plate.  I  am,  however,  uncertain  if  it  should  not  be  removed 
from  Lingula  proper;  but  this  must  remain  a  question  for  future 
discussion.  It  is  remarkably  poor-shaped,  and  tapers  a  good  deal  at 
the  beak.  There  appears  also  to  eiist  on  the  internal  cast  of  the 
ventral  valve  a  narrow  flattened  margin,  as  well  as  a  narrow  median 
liingitudiual  depression,  while  the  lateral  portions  of  the  costs  ore 
longitudinally  striated  (see  PI.  X.  Figs.  9,  10).  In  ext«mal  shape 
nnd  cliaracter  L.  Baiokei  is  well  distinguished  from  L.  Letueuri,  L. 
Salleri,  as  well  as  from  Dinoboluf  Brimontl,  The  exterior  surface 
of  the  valves  are  marked  with  numerous  cloao  and  fine  concentrio 
lines  (PI.  X.  Fig.  8).    It  appears  abundant  at  Pontrean  (Ille-et- 


Vilai 


i.  LiNOULA  ?  Saltbri,  Dav.  PI.  X.  Figs.  12, 13. 
LingHla  Salleri,  DaT.  Sil.  Han.  p.  63,  pi.  i.  figa.  27-29,  186C. 
When  I  described  and  illustrated  this  remarkable  species  in  1866, 
my  material  was  so  scanty  and  incompleto  that  I  felt  somewhat  un- 
certain with  respect  to  its  characters,  or  the  genus  to  which  it  belonged. 
SSince  then  M.  Lebesconte  has  found  several  good  examples  of  the 
shell  at  Pontrean,  in  Brittany.  One  perfect  bivalve  specimen,  Pl- 
X.  Figs.  12, 12a,  is  almost  circular,  21  lines  in  length  and  breadth  by 
11  in  depth,  and  shows  that  its  valves  are  moderately  convex,  and 
of  about  equal  depth,  the  dorsal  one  most  convex  at  the  umbo,  with 
slight  mesial  longitudinal  depressions  oommenoing  at  about  half  the 
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length  of  the  shell,  and  wideniDg  to  the  front  The  ventral  valve 
is  moderately  convex,  flattened,  or  slightly  depressed  from  about 
its  middle  to  the  front.  Beak  moderately  projecting  and  incurved. 
Sarface  of  both  valves  faintly  and  closely  radially  striated ;  stri» 
thread-like,  and  intersected  by  numerous  concentric  lines  of  growth. 
On  the  internal  cast  of  the  dorsal  valve  the  central  muscular  scars 
are  sharply  defined  (PI.  X.  Fig.  18), 

This  species  occurs  at  Pontrean.  In  his  paper  (Cbngres  de  Nantes, 
1876)  M.  de  Tromelin  mentions  having  found  it  in  the  Gr4s  Armori- 
cain  of  Pontrean. 

It  is  probable  that  when  the  exterior  characters  of  this  species 
are  better  known,  that  it  will  be  necessary  to  separate  it  from 
LingtUa  proper,  although  it  will  retain  its  place  among  the  Treten- 
terata.  The  details  we  have  been  able  to  add  from  the  study  of  the 
French  specimens  of  the  four  Armoricaiu  species  will  materially 
add  to  what  was  previously  known  of  their  characters,  and  little  by 
little  we  may  be  able  to  clear  up  their  history.  Zingida  Salteri  does 
not  appear  to  have  been  noticed  by  M.  Rouault 

EXPLANATION  OF  PLATE  X. 
Fio.  1  to  6.  Dinobolus  Brimonti,  Boaault,  ep.    5.  Internal  cast  of  ventral  valve. 

5a.  Interior  of  same  valve,  reproduced  by  means  of  gutta-percha. 
6.  Internal  cast  of  dorsal  valve.  6a.  Interior  of  valve,  repro- 
duced by  means  of  gutta  percha. 

,,    7.  Lingula  Lesueuri^  Rouault,  a  large  t^ical  specimen. 

„    8  to  11.  Lingula  Hawkei^  Kouault.     8.  Exterior.     9,  10.  Internal  casts  of 

ventral  valve,  to  show  muscular  impressions,  and  flattened 
margin.  11.  Internal  cast  of  dorsal  valve,  showing  muscular 
impressions,  and  flattened  margin. 

„  12  to  13.  Lingula  Salteri^  Dav.  12.  A  perfect  bivalve  specimen.  12a.  Show- 
ing the  two  valves  in  profile.  13.  Internal  cast  of  ventral 
valve,  showing  central  muscular  impressions. 

All  the  specimens  are  from  the  **  Gr^s  Armoricain ''  of  Pontrdan  in  Brittany,  and 
are  in  the  Collection  of  M.  Lebesconte  of  Rennes. 


IL — Note  on  thb  Genus  Caunopora,  of  Phillips. 

By  Prof.  Dr.  Ferd.  Roemek, 
of  the  University  of  Breslau ;   For.  Memb.  Geol.  Soc.  Lond. 

UNDER  the  name  of  Caunopora  placenta  Prof.  Phillips  described 
a  fossil  which  is  very  common  in  the  Devonian  Limestone  of 
South  Devon,  and  which  Mr.  Lonsdale  had  described  before  as 
Coscinopora  placenta.  It  forms  amorphous  or  spheroidal  masses 
composed  of  thin  concentric  laminsB,  and  perforated  by  small  flexuous 
or  vermiform  tubuli. 

The  genus  has  since  become  the  subject  of  repeated  discussion  by 
various  authors.  All  of  them  agreed  in  the  conclusion  that  the 
texture  of  the  main  mass  of  the  genus  is  very  similar  to  that  of 
Stromatopora  concentrica,  which  is  found  associated  with  Caunopora 
in  the  same  limestone.  The  difficulty  was  how  to  account  for  the 
flezuous  vermiform  tubuli,  which  perforate  the  main  mass  at  irregular 
distances,  and  in  various  directions.  The  greater  number  of  writers 
on  the  subject  regarded  the  tubuli  as  canals  by  which  the  communi- 
cation between  the  different  parts  of  the  body  was  effected,  or  at 
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leBLRt  as  essential  organs  of  the  species.  So  long  ago  as  1844  I 
expressed  the  opinion^  that  Caunopora  placenta  of  Phillips  was 
nothing  else  than  Stromatopora  eancentriea,  which  has  sarronnded 
and  overgrown  the  stems  of  Syringopora.  In  a  recent  elahonto 
memoir  on  the  minute  stracture  of  Stromatopora  and  its  allies,*  by 
Professor  H.  Alleyne  Nicholson  and  Dr.  James  Mnrie,  these  aatiiors 
deny  that  the  tubes  could  belong  to  Syringopora,  becaose  they  have 
decidedly  not  the  infundibuliform  tabulaa  so  characteristic  of  Syringo- 
poray  and  come  to  the  conclusion  that  the  tubes  essentially  belong  to 
the  Stromatopora-\\\LQ  body,  which  is  therefore  entitled  to  generio 
distinction  as  Cavaiopora. 

My  own  observations  confirm  entirely  the  statement  that  the  tabes 
have  not  the  internal  structure  of  Syringopora,  but  are  hollow,  and 
can  therefore  not  belong  to  that  genus ;  but  the  inference  drawn 
from  this  fact,  viz.  that  the  tubes  are  dn  essential  part  of  the 
StromatoporaAlke  body,  is  erroneous.  A  number  of  specimens  of 
Caunopora  placenta  from  the  Devonian  beds  of  G^rolstein  in  the 
Eifel,  which  exactly  agree  in  structure  with  those  from  the  lime* 
stones  of  South  Devon,  show  distinctly  that  the  tubes  belong  to 
Aulopora  repens.  This  little  creeping  Coral  attached  itself  on  the 
surface  of  Stromatopora  concentrica,  and  when  a  new  concentric 
layer  of  Stromatopora  was  forming,  it  extended  its  calicos  upwards 
in  tubes  to  prevent  itself  from  being  entirely  covered,  and  finally 
killed  by  the  Stromatopora.  When  other  layers  of  the  latter 
followed,  the  calicos  of  Aulopora  continued  to  grow  upwards.  On 
the  surface  of  the  uppermost  layer  of  Stromatopora  the  calicos  of 
Aulopora  appear  as  circular  openings  with  a  distinct  and  projecting 
rim.  This  relation  in  growth  of  the  two  species  is  particularly 
obvious  in  such  specimens  from  Gerolstein  which  show  a  mass  of 
Alveolites  suborhictdaris,  with  a  network  of  Aulopora  repens,  on 
the  surface,  and  which  are  besides  partly  covered  with  a  thin  layer 
of  Stromatopora  concentrica.  The  network  of  Aulopora  is,  in  such 
specimens,  occasionally  partly  free  and  partly  covered  with  the  thin 
layer  of  Stromatopora,  Where  it  is  covered,  the  calicos  of  Aulopora 
appear  as  circular  openings  with  a  projecting  rim  on  the  surface, 
just  as  H.  A.  Nicholson  and  Dr.  J.  Murie'  have  figured  them  in 
Stromatopora  ( Caunopora)  perforata  from  the  Comiferous  Limestone 
of  Ontario.  I  have  no  doubt  that  in  this  Canadian  species  the 
circular  openings  are  equally  the  calicos  of  Aulopora,  as  in  the  Eifel 
specimens. 

In  thick  masses  of  Caunopora  the  vertical  tubes  do  not  necessarily 
all  belong  to  the  same  individual  of  Aulopora,  but  different  colonies 
of  these  little  creeping  corals  attached  themselves  repeatedly  to  the 
surface  of  the  succeeding  concentric  layers  of  Stromatopora,  and  were 
covered  by  the  following  one.  In  fact,  on  vertical  sections  of  CaunO' 
pora  the  same  vertical  tubes  can  never  be  followed  up  through  the 
whole  mass,  but  they  are  mostly  only  a  few  lines  in  length. 

^  Dafl  Rheinische  Uebergangsgebirge,  p.  5. 

*  Journ.  Lin.  Soc.  toI.  xiv.  Zoology,  pp.  211  and  219. 

»  U.  p.  218,  fig.  4. 
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This  relation  of  Atdapora  to  Stromaiopora,  as  may  readily  be  seen 
in  many  Eifel  specimens  of  Stromaiopora  cancentriea,  is  not  likely  to 
be  equally  well  observed  in  the  specimens  of  Caunopora  in  the  lime- 
stone of  Devonshire,  because  these  are  inclosed  in  the  compact  lime- 
stoncy  and  hardly  ever  show  the  surface  welL 

The  structure  of  Caunopora  is  not  confined  to  Stromaiopora  con* 
centrtca,  but  occurs  likewise  in  the  Silurian  Stromaiopora  siriatellu. 
In  the  drift  of  North  Germany  rounded  pieces  of  this  latter  species 
are  frequently  observed  which  are  perforated  by  irregular  vertical 
tubes  in  exactly  the  same  manner  as  the  masses  of  Caunopora  pla- 
centa from  Devonshire.  Gbldfuss^  has  figured  a  small  and  not  very 
distinct  specimen  of  this  kind  from  the  drift  of  Groningen  in  Hol- 
land under  the  name  of  Syrtngopora  JUiformis.  Weathered  and  partly 
decomposed  specimens  of  larger  size  from  Sadewitz  in  Silesia  have 
been  described  by  myself '  as  'MelioUtes  iniersiineta.  They  resemble 
in  fact  decomposed  specimens  of  the  latter  species ;  but  in  sections 
which  I  made  since,  the  Caunopora-like  structure  is  very  distinct. 
In  a  specimen  from  the  drift  at  Groningen  the  horizontal  network  of 
Atdapora,  and  above  it  the  vertical  tubes  of  Caunopora,  are  very 
clearly  seen  in  connexion.  Certain  specimens  of  Stromaiopora  con- 
centriea  from  the  Eifel  offer  instances  of  an  animal  (when  covered 
by  layers  of  the  former)  preventing  itself  from  being  suifocated  by 
keeping  up  small  holes  through  the  mass  of  the  Stromatopora,  Among 
the  many  different  forms  of  Stromaiopora,  those  with  large  tubercles 
on  the  surface  are  frequent  Goldfuss  has  figured  them  in  fig.  8c, 
%d,  8e,  and  8/,  of  plate  Ixiv.  Each  tubercle  is  usually  perforated 
on  the  top  by  a  small  hole,  or  sometimes  by  several  holes. 
Now  in  several  specimens  it  could  be  ascertained  that  under  every 
tubercle  a  specimen  of  Spirorhis  omphalodea,  the  well-known  little 
spiral  Annelid,  had  its  seat  The  hole  or  the  top  of  the  tubercle  is 
the  opening  of  the  canal  by  which  that  little  animal  kept  up  its 
communication  with  the  surrounding  water,  and  the  tubercle  was 
formed  by  the  bending  upwards  of  the  successive  layers  of  Stroma^ 
iopora  round  this  canal.  In  many  cases  the  tubercles  are  not 
perforated  on  the  top,  evidently  because  at  last  the  resistance  of  the 
Annelid  had  been  overcome,  and  the  opening  closed  by  the  later 
layers  of  the  Stromaiopora. 

In  conclusion  :  The  facts  which  I  desire  to  state  in  this  note  are : 

1.  Caunopora  of  Phillips  is  not  a  good  genus,  but  is  founded  on 
masses  of  Stromatopora  which  are  perforated  by  vertical  tubes  not 
essentially  belonging  to  Stromatopora. 

2.  The  tubes  of  Caunopora  pUieenta  are  produced  by  stems  of 
Avlopora  repena,  which,  being  covered  by  the  concentric  layers  of 
Stromatopora,  grow  upwards  in  order  to  keep  at  least  their  calices 
open  at  the  surface  of  the  Stromatopora  and  prevent  death  from 
suffocation. 

3.  The  Silurian  Stromatopora  siriatella  exhibits  also  occasionally 
the  structure  of  Caunopora,  and  in  this  species  likewise  the  vertical 
tubes  are  produced  by  a  species  of  Avlopora. 

1  Petref.  Germ.  vol.  i.  p.  113,  t  38,  fij?.  15. 

»  Diluyial  Gesclnebe  von  Sadewitz,  p.  24,  t.  4,  ^.  *lc. 
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III. — On  some  Bones  of  the  Ltnx  from  Teesdale,  obtained  bt 

Mb.  James  Backhouse  of  York. 

By  "William  Daties,   F.G.S.  ; 
of  the  British  Miueum. 

(PLATES  XI.  AND  XII.) 

THE  evidence  relating  to  tbe  habitation  in  England  at  some 
distant  period  of  a  species  of  the  section  of  the  genns  Felii 
represented  by  tbe  Lynx,  rests,  up  to  the  present  time,  upon  a  portion 
of  a  skull  and  a  ramus  of  a  mandible,  which  were  discoverod  in  a 
cavernous  fissure  in  rocks  of  Permian  age,  in  Pleasley  Yale,  Derby- 
shire. They  were  found  by  Dr.  Ransom,  who  communicated  an 
interesting  paper  descriptive  of  the  fissure  and  its  contents,  to  the  . 
British  Association  Meeting  held  at  Nottingham  in  1866,  and  the 
fragments  were  then  referred  to  the  Lynx  of  Northern  Asia  {Fdis 
cercaria).  Subsequently  they  were  examined  by  Pi-ofessor  Boyd 
Dawkins,  who,  after  carefully  comparing  the  skull,  jaw,  and  teeth, 
with  the  corresponding  parts  of  other  species  of  Lynxes,  and  also 
taking  into  consideration  its  geographical  range,  says,  ''that  they 
may  be  referred  with  equal  justice  to  the  Lynx  of  Norway  and 
Sweden"  (Felis  horealis),^ 

To  the  foregoing  evidence  may  now  be  added  two  bones  of  the 
limbs,  a  humerus  and  a  metatarsal,  discovered  under  similar  con- 
ditions, and  associated  with  the  debris  of  a  similar  fauna  which  had 
been  deposited  in  a  rock  fissure  in  the  Carboniferous  Limestone  in 
I'eesdale,  Durham.  The  specimens  formed  part  of  a  very  mis- 
cellaneous collection  of  bones  sent  to  me  for  examination  by  James 
Backhouse,  Esq.,  of  York,  who,  in  conjunction  with  his  sons,  Mr. 
James  and  Mr.  W.  E.  Backhouse,  discovered  and  explored  the  "  cave," 
and  themselves,  with  the  assistance  of  a  miner,  extracted  the  various 
objects  found  therein.  These  consist  of  remains  of  many  kinds  of 
animals,  but  all  of  species  now  existing,  and,  eliminating  a  few  forms, 
probably  still  native  to  the  district.  The  bones  of  the  Lynx  are  in 
excellent  preservation,  and  were  it  not  for  some  slight  abrasions  of 
the  margin  of  the  scapular  articulation,  and  of  the  great  trochanter, 
the  humerus  might  be  pronounced  perfect.  It  belonged  to  an  adult 
animal,  somewhat  smaller  than  the  Northern  Lynx,  as  represented  by 
a  skeleton  of  a  large  individual  from  Sweden  (British  Museum  Col- 
lection, 1230a),  with  which  I  compared  it  The  annexed  measure- 
ments of  the  recent  and  fossil  bones  will  show  their  relative  propor- 
tions, and  general  correspondence.  In  the  fossil  the  space  posterior  to 
the  ridge  which  descends  from  the  lesser  trochanter,  and  to  which  is 
attached  the  first  head  of  the  anconeus  medius  muscle,  is  more  deeply 
depressed,  otherwise  the  two  bones  are  so  alike  that  there  can  be 
little  doubt  as  to  their  specific  identity.  Of  Felia  cervaria  there  is 
no  skeleton  in  the  National  Collection,  so  that  I  have  been  unable 
to  learn  by  comparison  whether  it  possesses  characters  by  which  it 
could  be  differentiated  from  its  northern  relative. 

^  Monographs  of  the  Palacontographical  Society,  1868,  Pleistocene  Mammalia, 
part  ill.  p.  174. 
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•  The  metatarsal  is  the  third  of  the  right  foot ;  it  is  also  perfect, 
and,  as  it  bears  the  same  relative  proportion  to  the  humerus,  as  do 
the  same  bones  to  each  other  in  the  recent  skeleton  above  referred 
to,  the  fossils  may  safely  be  assigned  to  the  same  animal. 

The  following  measurements  of  the  fossil  and  recent  bones,  show 
that  the  present  Lynxes  are  not  dwarfed  descendants  of  their  early 
pndeoessors.     The  measurements  are  in  inches  and  tenths. 

MEABUREMEyrS  OF   HUMERUS. 
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So  far  as  they  have  been  specifically  identified,  the  associated 
vertebrate  remains  occurring,  both  in  the  Pleasley  Yale  and  in  the 
Teesdale  Cave,  are  the  same.  In  neither  have  been  found  any  bono 
of  the  extinct  Pleistocene  Mammals,  nor  of  the  cave  Ilyaena  or 
Bear.  From  the  former  cave.  Dr.  Hansum  enumerates  the  Wolf, 
Fox,  Pig,  Boebuck,  Water  Vole,  and  a  large  nuuiber  of  Iwues  that  ho 
bad  "not  yet  determined."  From  the  Teesdale  Cave  have  been 
obtained  bones  of  the  Shrew,  Mole,  Wolf,  Dog,  Fox,  Wild  Cat,  Lynx, 
Marten,  Otter,  Badger,  Horse,  Ass  (?),  Wild  Boar,  Bed  Deor,  Boe- 
bock,  Goat  or  Sheep,  small  Ox,  Hare,  Babbit,  and  water,  Imnk,  aqd 
field  Voles  ;  also  bones  of  Birds ;  Snakes  or  Lizard,  and  Frogs.  A 
good  total,  but  all  of  which,  Mr.  Backhouse  assures  me,  were 
exhumed  from  the  "Cave."  However,  many  of  the  bones,  judging, 
from  their  state  of  preservation,  have  been  introduced  into  the  cave 
in  comparatively  recent  times ;  among  which  may  be  speciallj'  men- 
tioned the  domestic  Cat,  Dog,  Babbit,  Sheep  or  Goat,  the  small  Ox 
(Bos  longifrona  ?),  and  a  few  others.  Nevertheless,  many  are  of 
early  introduction,  and  were  undoubtedly  contemporary  with  the 
Lynx ;  and,  although  belonging  to  species  dating  from  Pleistocene 
times,  were  yet  still  common  in  Britain  in  the  historic  period ;  for 
the  Wolf  and  Wild  Boar  roamed  at  will  over  the  northern  counties 
within  a  few  centuries  ago,  and  the  Fox,  Badger,  and  Otter,  and 
other  forms  of  equally  ancient  origin,  are  still  native. 

These  facts  have  an  interesting  bearing  in  regard  to  the  geological 
age  of  the  respective  caves,  and  of  the  presence  in  time  of  the  Lynx 
in  Britain.  M either  cave  has  yielded  evidence  by  which  it  could  be 
connected  with  certainty  to  any  period.  Prof.  Boyd  Dawk  ins,  com- 
menting upon  this  subject,  in  reference  to  the  antiquity  of  the  various 
xemainB  found  in  the  Derbyshire  Cave,  and  which  comments  apply 
with  equal  force  to  those  from  Teesdale,  says :  "So  far  as  the 
internal  evidence  goes,  they  may  be  of  Pre-historic,  or  even  Historic 
datoy  with  as  great  probability  as  Postglacial"    He,  however,  thinks 
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"the  latter  hypothesiB  the  most  tenable/'  becanse  bones  of  the 
tichorhine  Hhinoceros,  Mammoth  and  Bison  bave  been  found  in  a 
cave  in  the  neighbourhood ;  also,  that  ''  the  carnivore  in  question 
must  have  crossed  over  into  Derbyshire  while  Britain  formed  part  of 
the  mainland  of  Europe."  From  these  circumstances  he  concludei 
that  "  its  Post-glacial  age,  therefore,  may  be  assumed  with  a  very 
high  degree  of  probability,  although  not  with  absolute  certainty."* 
Although  concurring  with  these  views,  I  must  remark  that  no  bonee 
of  extinct  Pleistocene  Mammals  have  been  found  in  or  aboat 
Teesdale;  and  the  question  naturally  arises,  if  the  animal  under 
consideration  was  contemporary  with  its  congeners  the  Cave  Lion 
and  Wild  Cat,  and  was  as  generally  distributed  in  area  and  in  time, 
as  we  may  assume  it  would  be,  in  Britain,  how  is  it  tliat  its  remains 
are  so  rare,  and  in  each  instance  derived  from  caves  in  which  they 
are  associated  with  bones  of  animals  whose  date  of  deposit  cannot  be 
satisfactorily  assigned  to  any  one  of  the  three  periods  named  ?  Its 
haunts  and  general  habits  are  much  alike  to  those  of  the  Wild  Cat; 
and  while  the  bones  of  the  latter,  and  also  of  the  Lion,  are  far  from 
rare,  and  are  disseminated  in  many  localities,  not  only  in  caves,  but 
also  in  Pleistocene  aqueous  deposits  (those  of  the  Lion  always,  and 
of  the  Cat  frequently,  being  associated  with  the  remains  of  extinct 
species  of  Mammalia),  no  bone  of  the  Lynx  has  been  found  under 
similar  conditions ;  it  must,  therefore,  be  admitted  that  the  period 
when  the  Lynx  prowled  in  Britain  is  still  a  moot  question. 

The  subjoined  note  has  been  forwarded  to  me  by  Mr.  James 
Backhouse,  and  is  inserted  together  with  a  view  of  the  interior  of 
the  cave  near  the  spot  where  the  bones  of  the  Lynx  were  found. 
(Plate  XIL) 

[The  "Cave,"  above  referred  to  by  my  friend  Mr.  Davies,  is 
situated  on  the  ridge  of  hills  separating  Weardale  from  Teesdale, 
and  is  at  an  elevation  of  about  1600  feet  above  the  sea,  and  500  feet 
or  more  above  the  adjacent  valley  of  the  Tees. 

It  consists  of  a  series  of  nearly  parallel  fissures,  varying  in  width 
from  1 J  to  4  feet,  intersected  by  transverse  ones  at  right-angles  with 
the  main  lines.  These  fissures  are,  in  some  places,  20  to  30  feet 
high,  the  "roofs"  being  gothic,  and  the  lower  portions  tapering 
downwards.  In  a  few  places,  where  the  width  is  greatest,  the  roof 
is  "  flat." 

Stalagmitic  deposits  beautifully  incrust  the  sides  in  many  parts, 
and  here  and  there  form  the  floor  of  the  galleries.  In  a  few  places 
only  stalactites  occur. 

The  plateau  of  Carboniferous  Limestone  above  the  cave  covers 
many  acres.  Up  to  the  present  time  we  have  only  penetrated  about 
250  feet,  but  it  is  probable  that  the  rock  is  fissured  more  or  less 
throughout  its  entire  area,  and  that  considerable  advance  may  yet  be 
made. 

Connected  with  the  main  cavern,  but  by  a  fissure  so  narrow  as  to 
be  impassable,  is  a  smaller  one,  traditionally  known  as  "  The  Fairies* 
Hole."    This  we  opened  out,  and  explored  first;  and  bones  were 

*  op,  eit.  p.  173. 
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found  in  both.  The  opening  into  the  larger  cave  was  originally  a 
mere  crevice  four  to  six  inches  wide,  requiring  many  tons  of  cliff  to 
he  removed  ere  we  could  effect  an  entrance.  Even  tiien,  for  some  20 
feet,  it  was  but  a  natural  **  tunnel,"  too  small,  in  most  parts,  either 
'  to  creep  or  turn  in.  No  large  animals  could  possibly  have  entered 
there;  so  that  the  presence  of  their  bones  beyond,  more  or  less 
imbedded  in  stalagmite,  proved  that  some  other  entrance,  not  yet 
detected,  must  once  have  existed. 

From  one  of  the  ramifications,  we  extracted  almost  the  entire 
skeleton  of  a  Wolf.  Its  bones  were  intermingled  with  those  of  a 
Boebuck,  on  which  it  had  probably  been  feeding.  The  Wolfs  skull 
was  a  little  over  three-fourths  the  size  of  a  full-grown  male  Arctic 
specimen.  A  single  canine  tooth,  belonging  to  a  much  larger  Wolf, 
was  found  at  no  great  distance,  and  near  to  the  place  where  the 
Lynx  bones  were  imbedded. 

I  see  no  reason  to  doubt  that  the  Lynx  may  have  roamed  through- 
out our  forests  and  mountain  glens,  along  with  the  Wolf  and  the  Bear, 
till  a  comparatively  recent  period,  just  as  it  still  does  in  Norway ; 
albeit  its  origin  in  Oreat  Britain  probably  dated  from  the  time  when 
these  islands  were  united  to  the  Continent        James  Backhouse.] 

EXPLANATION  OF  PLATES  XI.  and  XII. 

Plate  XI.  F^.  la,  16,  and  Ic,  Three  views  of  the  humerus  of  the  Lynx  {Felia 
horealui)  from  Teesdale. 

la.  Front  view. 

\b.  Outer  side-view. 

\e.  Back  view. 

Plate  XII.  View  of  the  interior  of  the  cave  where  the  bones  of  the  Lynx  and  the 
skeleton  of  the  Wolf  were  found.    From  a  sketch  made  on  the  spot  by  Mr.  Backhouse. 

IV. — ^Influencb  of  Earth  Movements  on  the  Geological  Strug- 
tube  OF  THE  British  Isles.^ 

By  J.  J.  Hahris  Teall,  M.A.,  F.G.8., 
Late  Fellow  of  St.  John's  College,  Cambridge. 

IN  tbe  formation  of  a  country  three  more  or  less  distinct  geologi- 
cal operations  are  concerned : — a.  Eock  formation  ;  6.  Earth 
movements;  c.  Denudation.  In  the  case  of  our  own  country,  to 
which  the  present  paper  more  especially  refers,  these  three  opera- 
tions have  succeeded  each  other  again  and  again;  so  that  a  very 
complicated  structure  is  the  result  The  earth  movements  and 
denudations  of  one  period  have  been  interfered  with  by  those  of 
subsequent  periods,  and  any  attempt  to  trace  the  exact  steps  by 
which  the  evolution  of  the  British  Isles  has  been  effected  is  therefore 
attended  with  very  great  difficulty.  Earth  movements  may  be 
divided  into  three  groups,  as  follows : — 
a.  Slow  movements  of  elevation  and  depression  analogous  to  those 

now  going  on  in  the  Scandinavian  peninsula. 
h.  Movements  which  result  in  the  displacement  of  rocks  along 
planes  usually  inclined  at  a  high  angle  to  the  horizontal  sur* 
face ;  these  are  more  familiarly  known  as  faults. 

^  This  article  contains  the  substance  of  a  paper  read  before  the  Literary  and 
PhUoBophical  Society,  Nottingham. 
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c.  Movements  due  to  lateral  preBsore  which  produce  a  folding  or 
contortion  of  the  stratified  rocks  along  certain  definite  lines. 

It  must  he  understood  that  this  classification  is  proposed  merely 
for  the  purpose  of  aiding  description,  and  not  because  I  believe  that 
these  three  classes  of  movements  are  radically  distinct.  I  have  little 
doubt  that  they  are  very  closely  connected  and  that  the  nature  of 
this  connexion  will  at  some  future  time  be  fully  established.  In  the 
present  communication  I  propose  to  refer  to  those  movements  of  the 
third  class  which  have  afiected  the  stratified  rocks  of  Oreat  Britain 
and  Ireland,  to  discuss  their  geological  age,  and  to  describe  the 
effects  they  have  produced  on  the  actual  structure  of  our  country. 
I  have  nothing  new  in  the  shape  of  facts  to  offer ;  my  object  is 
merely  to  collect  together  the  knowledge  which  various  workers  in 
the  field  of  geology  have  accumulated  with  reference  to  this  interest- 
ing topic,  and  in  conclusion  to  suggest  an  extension  of  what  may  he 
fairly  called  the  American  theory  of  the  origin  of  mountains  to  the 
subject  in  question. 

The  earliest  earth  movement  of  which  we  have  direct  evidence 
is  one  which  affected  the  Pre-Cambrian  rocks  of  the  N.W.  of  Soot- 
land  and  S.W.  of  Wales.  In  the  former  locality  these  rocks  consist 
of  highly  crystalline  gneiss,  with  occasional  beds  of  limestone  and 
ironstone,  evidently  the .  metamorphosed  representatives  of  marine 
formations.  They  are  now  arranged  in  strata  dipping  towards  the 
N.E.  and  S.W.,  in  such  a  way  as  to  show  that  subsequent  to  their 
formation,  and  probably  during  the  time  when  the  metamorphism 
was  produced,  they  were  subjected  to  forces  which  contorted  the 
rocks  along  axes  running  N.W.  and  S.E.  In  the  S.W.  of  Wales,  in 
Pembrokeshire,  rocks  similarly  related  to  the  Cambrian  occur. 
These  have  been  divided  by  Dr.  Hicks  into  two  groups,*  to  the 
earlier  of  which  he  gives  the  name  Dimetian,  and  to  the  later 
Pobidean. 

The  lower,  or  Dimetian  series  consists  of  compact  qnartsnferous 
beds  and  altered  shales  and  limestones,  which  strike  in  a  N.W.  and 
S.E.  direction,  thus  showing,  in  all  probability,  that  they  were 
affected  by  the  same  earth  movements  as  the  homotaxial  beds  of  the 
N.W.  of  Scotland  and  the  Hebrides.  The  upper  or  Pebidean  series 
consists  of  altered  conglomerates  and  shales,  the  pebbles  of  the  con- 
glomerate having  been  derived  from  the  earlier  formation.  These 
beds  are  entirely  unconformable  to  the  Dimetian  series,  and  strike 
in  a  direction  W.S.W.  and  E.N.E.  The  same  old  Pre-Cambrian 
rocks  as  those  to  which  Dr.  Hicks  has  given  the  term  Dimetian  in  all 
probability  again  come  to  the  surface  in  the  Malvern  Hills,  where 
they  consist  of  regularly  stratified  gneiss,  having  the  usual  strike. 

If  the  newer  formations  which  cover  the  country  at  all  those 
points  intermediate  between  the  localities  above  mentioned  could  be 
removed,  we  should  find  in  all  pix)bability  that  these  early  Pre- 
Cambrian  rocks  are  very  widely  distributed,  even  at  present.  During 
the  Cambrian  period  they  formed  the  superficial  crust  of  the  earth, 

1  Dr.  Hicks  now  divides  the  Pre-Cambrian  rocks  into  three  groups,  Dimetian, 
Arronian,  and  Pebidean. 
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and  on  them,  as  on  a  floor,  the  Camhrian  rooks  were  formed.  Dr. 
Hicks  believes  that  a  large  oontment,  formed  principally  of  these 
rocks,  existed  very  much  in  the  position  now  occupied  by  Europe, 
and  that  the  Cambrian  deposits  were  formed  on  the  borders  of  this 
continent  as  it  gradually  became  submerged.  The  submergence,  he 
supposes,  commenced  in  the  West,  where  the  Cambrian  rocks  are 
thickest,  and  gradually  extended  eastwards.  If,  however,  we  hold 
with  Dr.  Hicks  that  these  Pre-Cambrian  rooks  were  originally  dis- 
tributed over  the  whole  of  the  British  Isles,  and  formed  the  floor  on 
which  the  later  deposits  were  formed,  we  must  not  suppose  that  at 
present  they  would  be  found  at  all  points,  if  the  later  deposits  were 
removed.  Owing  to  the  depression  which  accompanied  the  deposi- 
tion of  many  of  the  l^ter  deposits,  such  as  the  Cambrian,  the  early 
Pre-Cambrian  floor  must  have  been  buried  sufiiciently  deep  in  the 
earth's  crust  to  have  been  completely  fused. 

We  conclude,  then,  from  the  arrangement  of  these  early  rocks,  that 
the  first  earth  movements  of  which  we  have  direct  evidence  took 
place  along  axes  running  N.W.  and  S.E.,  and  that  they  were  probably 
due  to  lateral  pressure  acting  from  N.E.  and  S.W. 

Passing  over,  for  the  present,  the  evidence  of  additional  Pre- 
Cambrian  earth  movements  furnished  by  the  Pebidean  rocks  of 
Hicks,  we  come  to  the  Cambrian  rocks  proper.  And  here  it  must 
be  understood  that  I  use  the  term  Cambrian  to  include  the  entire 
series  of  deposits  intervening  between  the  Longmynd,  Harlech  and 
Llanberis  group,  and  the  Llandovery  beds.  Whatever  may  be  our 
views  as  to  the  propriety  of  abolishing  the  term  Lower  Silurian 
from  geological  nomenclature,  there  cannot,  be  a  shadow  of  a  doubt 
that  for  our  present  purpose  the  rocks  indicated  above  must  be 
treated  as  forming  one  great  natural  group.  They  have  all  been 
affected  by  the  same  earth  movements. 

Tlie  total  maximum  thickness  of  the  Cambrian  series,  according  to 
Woodward,  is  about  30,000  ft.  in  Wales,  and  20,000  ft.  in  the  Lake 
District  In  the  Highlands  of  Scotland  ^  it  is  quite  impossible  to  form 
an  estimate  of  the  total  thickness,  on  account  of  the  difficulty  of 
determining  particular  horizons.  Now  since  the  basement  beds  of 
the  Cambrian  consist  of  deposits  that  were  certainly  formed  in  shal- 
low water,  if  not  in  inland  seas  or  lakes,  we  must  suppose  that  during 
the  Cambrian  period  there  was  depression  at  least  to  the  extent  of 
the  thickness  of  the  deposit,  that  is,  to  the  extent  of  30,000  ft. 
To  this  depth  in  the  crust  of  the  earth  must  the  original  surface, 
composed  as  we  have  seen  of  Dimetian  and  Pebidean  formations, 
have  been  carried. 

The  Cambrian  rocks  are  now  found  to  be  arranged  in  anticlinal 
and  synclinal  folds,  running  N.E.  and  S.W.,  showing  that  at  the 
dose  of  the  Cambrian  period,  and,  as  we  shall  see  in  a  moment  or 
two,  before  the  Silurian  period,  they  must  have  been  puckered  up 
by  lateral  pressure  acting  from  the  N.W.  and  S.E.  over  the  whole  of 
our  area. 

This  anticlinal  and  synclinal  arrangement  of  rocks  is  well  seen  on 

^  Are  these  rocks  Cambrian  or  Pre-Cambrian  ? 
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a  large  scale  in  North  Wales,  where,  if  we  leave  oat  of  aoooimt 
certain  smaller  undulations,  and  neglect  the  effect  of  faults,  we  may 
describe  the  rocks  as  arranged  in  two  great  synclinal  folds,  separated 
by  an  anticlinal  fold.     Thus,  beginning  in  tiie  N.W.,  we  have  firrt 
of  all  the  great  synclinal  roll,  along  the  axis  of  which   lie  the 
mountains  Moel  Hebog,  Snowdon,  and  Glyder  Fawr;  then,  following 
this,  the  Merionethshire  anticlinal  (see  Memoirs  of  the  Greologicu 
Survey,  vol.  iii);  and  following  this  again  the  Berwyn  sjndinaL 
It  is  worthy  of  note  that  the  anticlinal  axis  of  Merionethshire  is  not 
horizontal,  but  slightly  inclined  to  the  N.E.,  so  that  the  mountaini 
of  Cader  Idris,  the  Arans,  and  the  Arenigs,  which  are  all  formed 
by  the  outcrop  of  the  harder  igneous  rocks  of  Llandeilo  age,  do  not 
trend  in  a  N.E.  and  S.W.  direction,  but  bend  round  towards  the  N^ 
following  of  course  the  strike  of  the  beds.     The  same  igneous  beds 
about  Ffestiniog  run  in  a  N.E.  and  S.W.  direction.     The  effect  of 
the  earth  movements  here  referred  to  may  be  traced  over  the  whole 
of  the  area  now  occupied  by  Cambrian  formations,  the  strike  of  the 
beds  in  all  districts  varying  little  from  a  N.E.  and  S.W.  direction. 
Where  igneous  rocks  are  intercalated  with  the  sedimentary  deposits, 
the  prevalent  strike  may  be  observed  at  once  by  a  glance  at  the 
geological  map,  as  in  N.  Wales,  S.W.  Wales,  and  the  S.E.  of  Ireland. 
In  other  districts,  though  not  indicated  by  any  feature  on  the  maps, 
it  may  readily  be  detected  in  the  field.     There  can  be  little  doubt 
that  the  Cambrian  strata  were  formed  over  all  the  area  now  occupied 
by  the  British  Isles,  and  that  the  earth  movements  which   have 
affected  the  Cambrian  rocks  extended  also  over  the  whole  of  the 
district     To  these  earth  movements  then  we  are  indebted  for  the 
present  physical  structure,  and,  to  a  certain  extent,  though  only 
,  indirectly,  for  the  scenery  also  of  our  mountainous  regions.     With 
,  regard  to  the  age  of  these  disturbances,  I  have  already  stated  that 
1  they  took  place  before  the  Silurian  period.     This  is  borne  out  by 
the  fact  that  in  Wales  the  Silurian  rocks  rest  unconformably  on 
the  Cambrian,  and  do  not  seem  to  have  been  affected  by  the  move- 
ments which  produced  the  anticlinal  and  synclinal  folds  so  marked 
in  the  Cambrian  regions.     Cleavage,  moreover,  is  for  the  most  part 
absent   in   Silurian   formations.      There   is,   however,   some    little 
difficulty  here,  for  the  Denbighshire  grits  appear  to  have  been  affected 
by  movements  which  have  also  affected  the  Cambrian,  and  in  the 
Lake  District  a  similar  condition  of  things  has  been  observed.    In 
all  probability  these  facts  are  to  be  explained  by  a  second  series  of 
earth  movements,  of  Post-Silurian  date,  which  affected  the  already 
disturbed  Cambrian  rocks,  and  also  the  comparatively  undisturbed 
Silurian  rocks.   One  bit  of  evidence  of  great  importance  in  determin- 
ing the  date  of  the  earth  movements  we  are  considering,  and  the 
metamorphism  which  seems   to    have  accompanied   them  in  the 
region  now  occupied  by  the  Highlands  of  Scotland  and  the  North 
Western  Highlands  of  Ireland,  is  to  be  found  on  the   shores  of 
Killery  Harbour,  and  in  the  Eriff  Valley  on  the  borders  of  Counties 
Galway  and  Mayo  (see  Greology  and  Physical  Geography  of  Ireland, 
by  Prof.  Hull).    Here  Silurian  rocks  of  the  Llandovery  age  rest 
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inconformably  on  the  denuded  edges  of  the  old  raetaraorphio  rocks, 
ind  consist  at  the  base  of  a  conglomerate  containing  pebbles  of  the 
older  Cambrian  formation.  If  then,  as  is  extremely  probable,  the 
K.W.  and  S.E.  strike  of  the  Cambrian  rooks  of  all  localities  was 
produced  by  one  series  of  earth  movements,  due  probably  to  lateral 
pressure  acting  from  the  N.W.  and  S.E.,  then  this  observation  at 
Killery  Harbour  serves  to  fix  the  date  of  these  earth  movements  in 
Bvery  locality. 

During  the  time  which  elapsed  between  the  commencement  of  the 
Silurian  and  the  close  of  the  Carboniferous,  the  British  Islands  do 
QOt  seem  to  have  been  subjected  to  any  forces  giving  rise  to  anti- 
clinal and  synclinal  folds  on  a  large  scale.  Various  earth  movements 
must  have  taken  place,  but  these  seem  to  have  been  gradual  move- 
ments of  elevation  and  depression,  rather  than  movements  due  to 
lateral  pressure.  During  the  deposition  of  the  Silurian,  Old  Red 
Sandstone,  Devonian  and  Carboniferous  rocks,  depression  must  have 
taken  place.  The  depression,  however,  was  not  a  continuous  one, 
for  in  Scotland  there  are  at  least  two  distinct  unconformabilities, 
3ne  between  the  Middle  and  Lower  Old  Red  Sandstone,  the  other 
between  the  Upper  and  Middle.  In  Herefordshire  and  Shropshire, 
and  the  adjoining  counties,  no  unconformability  has  been  detected 
in  the  Old  Red  Sandstone,  though  one  is  strongly  suspected.  In 
Ireland  there  is  a  marked  unconformability  between  the  Old  Red 
Sandstone  and  Dingle  beds,  and  in  all  probability  another  of  less 
importance  between  these  latter  and  the  Silurian.  In  addition  to 
the  movements  of  elevation  indicated  by  the  unconformability,  there 
must  have  been  others,  the  only  evidence  for  which  is  to  be  found 
in  the  change  of  character  in  successive  deposits.  Thus  the  Old 
Red  Sandstone  rocks,  which  succeed  the  Silurian  conformably,  were 
formed,  in  all  probability,  in  a  land-locked  area,  while  the  latter 
ivere  certainly  laid  down  in  the  open  ocean.  In  order  that  a  given 
ipot  may  at  one  time  be  situated  in  the  open  ocean,  and  at  another 
in  a  land-locked  basin,  it  is  necessary  that  elevation  of  some  sort 
should  take  place  in  the  adjoining  area. 

The  movements  of  this  period  were  not,  however,  of  such  a 
character  as  to  influence  in  any  marked  way  the  physical  structure 
Df  the  country,  and  therefore,  although  they  have  an  importance  of 
their  own,  which  it  is  impossible  to  overestimate,  we  may  leave  them 
without  further  notice. 

The  next  great  series  of  earth  movements  of  the  character  we 
ire  more  especially  considering  took  place  at  the  close  of  the 
Oarboniferous  period ;  like  the  previous  earth  movements  of  a 
similar  character,  they  seem  to  have  exerted  an  influence  over  the 
whole  of  the  area  occupied  by  Carboniferous  formations.  They 
may,  however,  be  best  studied  in  the  district  of  Lancashire,  Derby- 
shire, and  Yorkshire,  where  facts  may  l>e  observed  which  enable 
QS  to  determine  their  geological  age«.  In  the  Q  J.G.S.  vol.  xxiv. 
p.  323,  there  is  an  able  paper  by  Prof.  Hull  on  the  relative  ages 
of  the  leading  physical  features  and  lines  of  elevation  of  the 
Carboniferous  district  of  Lancashire  and  Yorkshire.     la  tli\&  i^w^^x 
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the  author  disousses  the  ages  of  two  ^eat  series  of  earth  move- 
inents  which  have  affected  the  Carboniferous  rocks.  With  regnrd 
to  the  first  of  these  he  points  out  that  the  Permian  rocks,  consisting 
of  red  sandstones  and  magnesian  limestones,  rest  on  the  denuded 
edges  of  the  Millstone-grit  near  the  south-western  termination  of  the 
Pendle  Kange ;  thus  proving  beyond  a  doubt  that  the  disturbances 
to  which  the  anticlinal  and  synclinal  axes  of  the  Pendle  District  are 
due  took  place  before  the  Permian  period.  He  further  points  out 
that  even  in  the  absence  of  such  direct  evidence  as  that  which  is 
furnished  by  the  superposition  of  Permian  rocks  on  Lower  Carbon- 
iferous deposits,  we  could  still  infer  with  certainty  the  Pre-Permitn 
date  of  the  movements  in  question  ;  for  the  upiising  of  Millstone-grit 
and  Yoredale  rocks  on  the  northern  side  of  the  Yorkshire  Coal- 
basin  is  undoubtedly  due  to  an  extension  of  the  movements  which 
])roduced  the  anticlinal  and  synclinal  of  the  Lancashire  District 
towards  the  east.  The  Permian  rooks,  however,  consisting  of 
red  sandstones,  marls,  and  magnesian  limestones,  have  not  been 
affected  by  these  movements,  for,  as  may  be  seen  by  a  glance  at 
the  geological  map,  they  rest  unconformably  on  the  edges  of  the 
Carboniferous  rocks  striking  N.  and  S.,  whereas  these  latter  strike 
nearly  E.  and  W.  There  cannot  then  be  a  shadow  of  a  doubt  that 
the  E.  and  W.  axes  of  Lancashire  belong  to  the  period  intervening 
between  the  Carboniferous  and  Permian.  The  geological  map 
shows  also  that  many  other  districts  have  been  affected  by  move- 
ments along  E.  and  W.  axes ;  and,  since  parallelism  is  to  a  certain 
extent  evidence  of  contemporaneity,  many  of  these  probably  belong 
to  the  sanie  period  of  disturbances.  Thus  in  S.  Wales  we  notice 
the  E.  and  W.  strike  of  the  Carboniferous  rocks.  In  the  Mendips 
the  axis  runs  E.  and  W.,  and,  again,  over  the  whole  of  Devon  and 
Cornwall,  we  notice  a  prevailing  E.  and  W.  strike.  Tracing  the 
Devonian  and  Carboniferous  rocks  towards  the  east,  we  find  that 
they  disappear  under  the  Mesozoic  formations  which  rest  upon  them 
unconformably  ;  still  we  have  reason  to  believe  that  the  E.  and  W. 
strike  is  continued  ;  for,  at  a  depth  of  a  thousand  feet  under  London, 
Devonian  rocks  have  recently  been  obtained,  and  in  France,  in  tbe 
Ardennes,  they  again  emerge  from  beneath  the  Secondary  formations. 
Passing  west  instead  of  east,  from  the  district  of  Devon  and  Cornwall, 
we  find  in  the  South  of  Ireland  rocks  which  represent  the  Carbon- 
iferous, Old  Red  Sandstone,  and  possibly  the  Devonian  formations 
striking  E.  and  W.,  or  rather  slightly  S.  of  E.  and  N.  of  W.  In  the 
district  of  Killarney  the  arrangement  of  the  rocks  in  question  has 
been  carefully  observed,  and  is  well  represented  in  the  Survey 
Section  drawn  N.  and  S.  From  these  facts  then  we  conclude  that 
the  district  over  which  Carboniferous  rocks  had  accumulated  to 
such  a  great  extent  was  at  the  close  of  that  period  subjected  to 
lateral  pressure  from  the  N.  and  S.,  or  from  N.N.W.  and  S.S.E.,  and 
that  as  a  consequence  of  this  pressure  the  surface  of  our  country 
became  puckered  up  along  lines  running  E.N.E.  and  W.S.W.  It 
was  during  this  period  that  the  Pendle  Hills  of  Lancashire,  the 
]|0|^^^||i^of  Somersetshire,  the  Mountains  of  Eerr^s  and  in  all 

'^nnarthenshiro  Vans  became  stretched  oat 
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We  have  now  to  consider  another  series  of  earth  movements,  about 
the  age  of  which  there  is  some  difference  of  opinion.  I  refer  to  the 
K.  and  S.  movements  that  have  affected  Carboniferous  rocks,  and  of 
which  the  Pennine  Anticlinal  may  be  taken  as  a  type.  In  the  paper 
above  quoted  Prof.  Hull  discusses  their  age,  and  arrives  at  the  con- 
clusion that  it  was  Post- Permian  and  Pre-Triassic.  Now  for  a  long 
time,  ever  since  I  became  acquainted  with  Nottingham  in  fact,  I 
have  been  of  opinion  that  Prof.  Hull  is  wrong  on  this  point  I  pro- 
pose briefly  to  discuss  the  evidence  which  Prof.  Hull  offers  in 
support  of  his  view,  and  then  to  call  attention  to  facts  which 
convince  me  that  he  is  wrong.  To  Mr.  Wilson  belongs  the  credit  of 
first  pointing  out  the  error  in  the  date  of  these  N.  and  S.  movements 
(see  Q.J.G.S.  vol.  1876,  page  76).  The  axis  of  the  Pennine  Chain 
is  marked  by  a  fault,  which  Prof.  Hull  calls  the  "Anticlinal  Fault," 
on  account  of  the  strata  dipping  away  from  it  on  either  side  ;  this 
fault  may  be  traced  for  a  distance  of  fift}'  miles  or  more  in  a  N.  and 
S.  direction,  from  Colne  to  Leek.  Near  this  latter  place  it  passes 
beneath  Triassic  rocks  without  fracturing  them,  thus  proving  that  it 
was  Pre-Triassic.  Running  parallel  with  this  fault  are  several 
others  in  all  probability  of  the  same  age ;  one  of  these,  the  so-called 
Red  Rock  Fault,  forms  the  boundary  between  the  Coal-measures  and 
the  later  formations  from  Bredbury  and  Poynton  southward  for 
several  miles.  At  one  point  this  fault  affects  the  Permian  sandstones, 
and  thus  is  proved  to  be  Pbst- Permian.  From  this  Prof.  Hull  con- 
cludes that  the  Pennine  Anticlinal  was  first  stretched  out  in  Post- 
Permian  and  Pre-Triassic  times.  Prof.  Hull  next  proceeds  to 
consider  an  objection  to  the  Pre-Triassic  age  of  the  Red  Rock  Fault. 
Near  Macclesfield  and  Congleton  this  fault  affects  Triassic  rocks, 
thus  apparently  showing  that  the  fault  is  of  later  date  than  the 
Triassic  formation.  This  objection  is  answered  by  the  supposition 
that  there  were  two  series  of  earth  movements  along  the  same  lines, 
one  before  the  Triassic  rocks  were  formed,  and  another  after,  and 
certainly  nothing  can  be  more  probable  than  this,  especially  when 
we  remember  that  at  a  point  near  Leek  the  anticlinal  fault  passes 
under  but  does  not  dislocate  Triassic  rocks.  That  is  the  evidence  on 
which  the  Post-Permian  and  Pre-Triassic  date  of  the  Pennine  axis  is 
based.  Now  there  is  one  consideration  which  to  my  mind  com- 
pletely destroys  the  value  of  the  evidence ;  in  order  to  explain  the 
facts  observed  with  reference  to  the  Red  Rock  and  Anticlinal  Faults, 
two  series  of  movements  along  the  same  lines  have  to  be  assumed  ; 
but  if  two  movements  took  place,  why  not  three?  And  why  may 
not  the  first  of  these  have  been  Pre-Permian  ?  The  evidence  is  not 
conclusive  until  it  can  he  shown  that  N.  and  S.  movements  did  not  take 
place  until  after  the  Permian  period,  and  no  attempt  is  made  to  prove 
this. 

From  a  discussion  of  the  evidence  as  advanced  in  the  above- 
mentioned  paper,  let  us  pass  to  the  consideration  of  some  additional 
facts  which  prove,  beyond  the  shadow  of  a  doubt,  that  north  and 
south  movements  did  affect  the  Carboniferous  rocks  before  Permian 
times.  The  eastern  side  of  the  exposed  portion  of  the  Nottingham- 
shire and  Yorkshire  Coal-basin  is  bounded  by  l\ie  'Mag[ifia\(KCk.\AsfM» 
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stone  (Perfnian)  formation  which  rests  uncanformahlif  upon  the 
Carboniferous  rocks  along  the  whole  line.  Moreover,  the  strike  of 
the  Carboniferous  rocks  beneath  the  Permian  formations  is  the  same 
as  that  in  the  exposed  portion  of  the  Coal-field,  that  is,  approximately 
N.  and  S.  These  relations  are  admirably  exhibited  in  the  neighbour- 
hood  of  Nottingham,  and  they  are  well  known  to  be  true  of  regions 
north  of  Nottingham  by  all  mining  engineers  and  others  who  have 
specially  studied  the  structure  of  the  district.  Now  the  N.  and  S. 
strike  of  the  Carboniferous  rocks  both  on  the  east  and  west  side  of 
the  Pennine  axis  must  have  been  determined  by  N.  and  S.  movements; 
and  since  this  strike  is  continued  beneath  the  Permian  formations,  it 
is  clear  that  the  cause  which  determined  it  must  have  acted  before 
that  period.  I  have  no  hesitation,  then,  in  asserting  that  Mr.  Wilson 
is  right  when  he  says,  that "  the  lapse  of  time  which  is  represented  by 
the  unconformability  between  the  Carboniferous  and  Permian  was 
accompanied  by  the  elevation  and  folding  of  the  strata,  not  only 
along  east  and  west  (e.g,  Pendle  and  Cheshire  anticlinals),  but  also 
north  and  south  (e.^.  Pennine)  axes,  and  by  the  sketching  out  of  the 
great  Coal-basins  by  denudation."  To  sum  up,  we  find  that  at  the 
close  of  the  Carboniferous  and  before  the  Permian  period  two  great 
series  of  earth  movements  afifect«d  Carboniferous  strata,  the  one 
series  acting  nearly  in  an  E.  and  W.  direction,  the  other  nearly 
N.  and  S. ;  which  was  the  earlier  series  I  do  not  know.  The 
intersection  of  the  axes  due  to  these  two  series  of  movements 
has  evidently  given  rise  to  the  basin-shaped  form  of  our  Coal- 
fields, in  the  manner  so  admirably  pointed  out  by  Professor  Hull. 
From  the  Permian  to  the  close  of  the  Eocene  we  have  an  immense 
period  of  time,  during  which  no  movements  of  the  kind  I  am  now 
speaking  about  appear  to  have  taken  place  in  our  area.  Numerous 
elevations  and  depressions  undoubtedly  occurred,  but  nothing  like 
the  puckering  and  crumpling  of  a  great  thickness  of  stratified 
deposit.  Some  time  after  the  close  of  the  Eocene  period,  however, 
we  find  that  the  South  of  England  was  subjected  to  forces  which 
rolled  the  Cretaceous  and  Eocene  rocks  along  axes  running  E.  and 
W.  and  gave  rise  to  the  anticlinal  arrangement  of  the  rocks  in  the 
Wealden  district  as  well  as  the  nearly  vertical  position  of  homo- 
taxial  deposits  in  the  Isles  of  Wight  and  Purbeck.  These  movements 
have  an  interest  for  us  even  greater  than  their  magnitude  would 
indicate,  for  they  appear  to  have  been  contemporaneous  with  the 
breaking  up  of  the  vast  geosynclinal  in  Central  Europe  which 
resulted  in  the  formation  of  the  Alpine  system  of  mountains ;  they 
.  are  the  ripples,  so  to  speak,  which  have  extended  from  this  great 
centre  of  disturbance. 

We  have  now  considered  the  various  movements  which  have 
resulted  in  the  crumpling,  contortion  and  metamorphosis  of  our 
British  stratified  deposits.     They  may  be  classified  as  follows : 

(1)  Pre-Cambrian  N.W,  and  S.E. 

(2)  Pre-Silurian  N.E.  and  S.W. 

(3)  Pre-Permian  a.  E.N.E.  and  W.S.W. 

h,  N.  and  S. 

(4)  Pre-Plioceno  E,  and  W. 
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The  interest  attaching  to  this  paper  will  be  very  considerably  in- 
creased if  we  view  the  facts  here  recapitulated  in  connexion  with  the 
theory  of  mountain-making  first  enunciated  by  Hall,  and  sub- 
sequently elaborated  by  tibe  American  geologists  Dana,  Sterry 
Hunt,  Le  Conte  and  others.  The  theory,  referred  to  may  be  briefly  Ky 
stated  as  follows.  In  the  formation  of  a  mountain  mass  the  first  ^ 
important  operation  of  which  we  have  any  evidence  is  the  accumulation  I 
of  a  vast  thickness  of  sedimentary  deposits  accompanied  by  a  slow  | 
subsidence  of  the  earth's  crust  At  a  certain  point,  owing  to  the 
weakening  of  the  floor  on  which  the  sedimentary  deposits  were  first  ' 
thix)wn  down,  the  lateral  pressure  due  to  the  secular  coolingof  the  earth 
operates  upon  the  sedimentary  mass,  which  thereby  becomes  "  folded,  • 
profoundly  broken,  shoved  along,  fractured  and  pressed  into  a  narrow 
space  "  (Dana,  Manual  of  Geology,  page  74:9).  To  the  downward  ' 
bending  of  the  earth's  crust  Professor  Dana  has  applied  the  term 
Oeosynclinal,  and  to  the  mountain  mass  which  results  from  the  break- 
ing up  of  the  sedimentary  deposits  formed  in  a  geosynclinal  he  has 
applied  the  term  synclinorium.  The  theory  here  sketched  out  appears^J,^ 
to  be  applicable  to  all  great  mountain  ranges.  I  would  extend  it  still 
further,  however,  and  use  it  to  account  for  all  the  great  systems  of  folds 
which  are  revealed  by  a  study  of  the  structure  of  the  earth's  crust, 
whether  these  systems  occur  in  mountain  ranges  or  not.  Thus  it 
seems  to  me  that  the  four  great  systems  of  earth  movements  referred 
to  in  the  present  paper  are  strictly  in  accordance  with  this  theory. 
The  metamorphosed  Pre-Cambrian  rocks  of  N.W.  of  Scotland,  the  S.W. 
of  Wales  and  Malvern,  represent,  it  is  believed,  a  great  accumulation 
of  sedimentary  material ;  the  geosynclinal  which  accompanied  the 
formation  of  this  material  was  broken  up  before  the  Cnmbrian  period, 
apd  in  this  breaking  up  the  rocks  were  folded  and  metamorphosed, 
and  the  existing  strike  determined.  The  lateral  pressure  acted,  as  we 
have  seen,  from  the  N.E.  and  S.W.,  and  therefore,  according  to  our 
theory,  the  original  sedimentation  should  have  been  greatest  along 
N.W.  and  S.E.  lines.  The  second  great  period  of  sedimentation  was 
the  Cambrian  of  Sedgwick,  this  was  broken  up  in  Pre- Silurian 
(Sedgwick)  times'  by  pressure  from  N.W.  and  S.E.  The  maximum 
sedimentation  in  this  case  should  have  been  in  a  N.E.  and  S.W. 
direction.  The  third  great  period  of  sedimentation  was  brought  to  a 
close  by  the  formation  of  our  Coal-measures,  and  this  was  followed  as 
before*  by  folding  and  contortion.  Here,  however,  we  cannot  say  that 
the  folds  follow  any  one  course  or  direction ;  two  parallel  courses 
appear  to  be  indicated.  The  earth  movements  in  the  Tertiary  period 
followed  on  sedimentation,  which  reached  its  maximum  in  Central 
Europe,  and  which  culminated  in  the  formation  of  the  Alpine  range. 

V. — Aqueous  Vapour  in  Relation  to  Perpetual  Snow. 

By  James  Croll,  LL.D.,  F.R.S. 

SOME  twelve  years  ago  I  gave  (Phil.  Mag.  March,  1867,  "  Climate 
and  Time,"  p.  648)  what  appears  to  me  to  be  the  true  explana- 
tion of  that  apparently  paradoxical  fact  observed  by  Mr.  Glaisher, 
that  the  difference  of  reading  between  a  thermometer  exposed  to 
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direct  suDsliine  and  one  shaded  dimini$he$  instead  of  increases  as  wo 
ascend  in  the  atmosphere.  This  led  me  to  an  important  oondosion 
in  regard  to  the  influence  of  aqueous  vapoar  on  the  melting-point  ot 
snow ;  hut  recent  objections  to  some  of  my  views  convince  me  that  I 
have  not  given  to  that  conclusion  the  prominence  it  deserves.  I 
shall  now  state  in  a  few  words  the  conclusion  to  which  I  refer. 

The  reason  why  snow  at  great  elevations  does  not  melt,  hut 
remains  permanent,  is  owing  to  the  fact  that  the  heat  received  from 
the  sun  is  thrown  off  into  stellar  space  so  rapidly  by  radiation  and 
reflection  that  the  sun  fails  to  raise  the  temperature  of  the  snow  to 
the  melting  point :  the  snow  evaporates,  but  it  does  not  melt  The 
summits  of  the  Himalayas,  for  example,  must  receive  more  than  tea 
times  the  amount  of  heat  necessary  to  melt  all  the  snow  that  falls 
on  them,  notwithstanding  which,  the  snow  is  not  melted.  And  ia 
spite  of  the  strength  of  the  sun  and  the  dryness  of  the  air  at  those 
altitudes,  evaporation  is  insufficient  to  remove  the  snow.     At  low 

.   elevations,  where  the  snow-fall  is  probably  greater,  and  the  amount 
of  heat  received  even  less  than  at  the  summits,  the  snow  melts  and 

j    disappears.     This,  I  believe,  we  must  attribute  to  the  influence  of 

J  a(|ueous  vapour.  At  high  elevations  the  air  is  dry,  and  allows  the 
heat  radiated  from  the  snow  to  pass  into  space ;  but  at  low  elevations 
a  very  considerable  amount  of  the  heat  radiated  from  the  snow  is 
absorbed  by  the  aqueous  vapour  which  it  encounters  in  passing 
through  the  atmosphere.  A  considerable  portion  of  the  heat  thus 
absorbed  by  the  vapour  is  radiated  back  on  the  snow ;  but  the  heat 
thus  radiated  being  of  the  same  quality  as  that  which  the  snow  itself 
radiates  is  on  this  account  absorbed  by  the  snow.  Little  or  none 
of  it  is  reflected  like  that  received  from  the  sun.  The  consequence 
is  that  the  heat  thus  absorbed  accumulates  in  the  snow  till  meltii)g 

I  :  takes  place.     Were  the  amount  of  aqueous  vapour  possessed  by  the 

atmosphere  sufficiently  diminished,  perpetual  snow  would  cover  our 

'  globe  down  to  the  sea-shore.     It  is  true  that  the  air  is  warmer  at 

'  the  lower  than  at  the  higher  levels,  and  by  contact  with  the  snow 
must  tend  to  melt  it  more  at  the  former  than  at  the  latter  position. 
But  we  must  remember  that  the  air  is  W-ftrnier  mainly  in  consequencd 
of  the  influence  .of  aqueous  vapour,  and  that  weretKe  "quantity  of 
vapour  reduced  to  the  amount  in  question,  the  difference  of  tempera- 
ture at  the  two  positions  would  not  be  great. 

But  it  may  bo  urged  as  a  further  objection  to  the  foregoing  con- 
clusion, that,  as  a  matter  of  fact,  on  great  mountain  chains  the  snow- 
line reaches  to  a  lower  level  on  the  side  where  the  air  is  moist  than 
on  the  opposite  side  where  it  is  dry  and  arid.  As,  for  example,  on 
the  southern  side  of  the  Himalayas,  and  on  the  eastern  side  of  the 
Andes,  where  the  snow-line  descends  some  2000  or  3000  feet  below 

,  that  of  the  opposite  or  dry  side.     But  this  is  owing  to  the  fact  that 

:  it  is  on  the  moist  side  that  by  far  the  greatest  amount  of  snow  is 

-  precipitated.     The  moist  winds  of  the  S.W.  monsoon  deposit  their 

snow  almost  wholly  on  the  southern  side  of  the  Himalayas,  and  the 

S.E.  trades  on  the  east  side  of  the  Andes.     Were  the  conditions  in 

every  respect  the  same  on  both  sides  of  these  mountain  ranges,  with 
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the  exoeption  only  that  the  air  on  one  side  was  perfectly  dry,  allow- 
ing radiation  from  the  snow  to  pass  without  interruption  into  stellar 
space,  while  on  the  other  side  the  air  was  moist,  and  full  of  aqueous 
vapour,  absorbing  the  heat  radiated  from  the  snow,  the  snow-line 
would  in  this  case  undoubtedly  descend  to  a  lower  level  on  the  dry 
than  on  the  moist  side.  No  doubt  more  snow  would  be  evaporated 
ofif  the  dry  than  ofif  the  moist  side,  but  melting  would  certainly  take 
place  at  a  greater  elevation  on  the  moist  than  on  the  dry  side,  and 
this  is  what  would  mainly  determine  the  position  of  the  snow-line. 

In  like  manner  the  dryness  of  the  air  will  in  a  great  measure 
account  for  the  present  accumulation  of  snow  and  ice  on  Greenland 
and  on  the  Antarctic  continent.  I  have  shown  on  former  occasions  that 
those  regions  are  completely  covered  with  permanent  snow  and  ice, 
not  because  the  quantity  of  snow  falling  on  them  is  great,  but 
because  the  quantity  melted  is  small.  And  the  reason  why  the 
snow  does  not  melt  is  not  because  the  amount  of  heat  received  duiing 
the  year  is  not  equivalent  to  the  work  of  melting  the  ice,  but  mainly 
because  of  the  dryness  of  the  air,  the  snow  is  prevented  from  rising 
to  the  melting  point. 

There  is  little  doubt  but  that  the  cold  of  the  glacial  epoch  would 
produce  an  analogous  effect  on  temperate  regions  to  that  experienced 
at  present  on  Arctic  and  Antarctic  regions.  The  cold,  although  it 
might  to  some  extent  diminish  the  snow-fall,  would  dry  the  air  and 
prevent  the  temperature  of  the  snow  rising  to  the  melting  point.  It 
would  not  prevent  evaporation  taking  place  over  the  ocean  by  the 
sun's  heat  but  the  reverse,  but  it  would  prevent  the  melting  of  the 
snow  on  the  land  during  the  great-er  part  of  the  year. 

In  places  like  Fuego  and  South  Georgia,  where  the  snow-fall  is 
considerable,  perennial  snow  and  ice  are  produced  by  diametrically 
opposite  means,  as  I  have  elsewhere  shown,  viz.  by  the  sun's  heat 
being  cut  off  by  clouds  and  dense  fogs.  In  the  first  place  the  upper 
surface  of  the  clouds  act  as  reflectors  throwing  back  the  sun*s  rays 
into  stellar  space,  and  in  the  second  place,  of  the  heat  which  the 
clouds  and  fogs  absorb,  more  than  one-half  is  not  radiated  downwards 
on  the  snow,  bat  upwards  into  space.  And  the  comparatively  small 
portion  of  the  heat  which  manages  to  reach  the  ground  and  be 
available  in  melting  the  snow  is  insufficient  to  clear  off  the  winter's 
accumulation. 

TI. — Upper  Devonian  in  Devonshire.' 
By  A.  Champernowne,  M.A.,  F.G.S. 

HAVING  read  Mr.  Roid's  letter  on  the  above  subject  in  the 
Geolooigal  Magazine  for  June,  referring  to  the  Chudleigh 
district,  I  beg  to  offer  you  a  few  lines  of  my  own,  in  hopes  of 
clearing  up  some  confusion  that  may  exist  on  the  subject. 

In  the  first  place,  I  cannot  admit  what  Mr.  Reid  appears  to  imply, 
viz.  that  there  are  two  Cephalopodous  horizons  in  this  small  quarry 
(of  Lower  Dunscombe),  a  Clymenia  limestone  and  a  Goniaiitea  in- 
tumescena  stage.    On  the  contrary,  there  is  a  passage  from  the  upper- 

^  Beoeiyed  too  late  for  insertion  in  the  July  Number. — Edit.  Gbol.  Mao. 
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most  five  or  six  feet  of  tliin-bedded  red  limestone  with  light  day 
partings  down  into  the  thicker-bedded  limestone  of  the  rest  of  the 
quarry,  and  oonseqaently  Mr.  Reid  may  well  have  found  Cephalopoda 
in  some  of  the  appermost  of  the  latter,  but  the  Cephalopod  faana  as 
a  whole,  including  Orthoceraa  (2  sp.  at  least)  and  CyrtoeeraM  sp.,  ia 
clearly  confined  to  the  uppermost  beds. 

In  the  rest  of  the  quarry  I  have  found  two  examples  of  either 
Jihynch,  pugnus  or  Rh.  acuminata  var.  mesogonia,  of  the  average  size 
of  those  which  have  turned  up  at  Woolborough  quarry,  lazge 
Crinoidal  stems,  and  a  few  Corals. 

The  limestone  dips  about  W.  30°  S.  at  2(f  with  an  ondnlatioD, 
away  from  a  fault  which  throws  a  mass  of  Culm-measures  against 
tliem  on  the  east  with  a  northerly  dip.  In  an  old  roadway  between 
Lower  and  Higher  Dunscombe,  the  edges  of  grits  and  shales  are  seen 
for  some  distance  steadily  dipping  into  the  hill.  In  the  road  leading 
from  Chudleigh  to  Beggais  Bush,  about  a  furlong  from  the  turning 
to  Waddon  Barton,  Culm-shales  and  thin  grits  strike  with  the  rcMul 
and  pitch  N.  o''  W.  steeply  (mean  45°).  In  the  road  from  Lower 
Dunscombe  to  Chudleigh,  under  the  *e'  of  the  word  ' Biddlecombe ** 
on  the  map.  Culm-shales  dip  E;  27°  S.  at  25°,  almost  against  the 
Lower  Dunscombe  limestone.  The  oval  spot  of  the  latter  rock  on 
the  old  map  is  somewhat  out  of  place  and  shape,  as  its  eastern  half 
encroaches  on  ground  which  is  occupied  by  Culm-measures.  The 
fihaly  limestone  fragments  strewn  over  the  field  above  the  quarry 
are,  in  my  opinion,  derived  from  the  outcropping  top  beds  of  the 
quarry,  and  are  not  higher  beds. 

My  first  introduction  to  the  locality  was  by  Mr.  Lee,  who,  I 
believe,  discovered  it,  and  I  observed  to  him  that  I  thought  most  of 
the  specimens  belonged  to  the  genus  Clymenia,  which  opinion  I 
formed  from  the  elliptical  figure,*  and  the  absence  of  proof  of 
dorsal  siphuncle,  at  least  among  my  specimens.  Subsequently  I 
showed  some  to  Mr.  Etheridge  with  the  same  query,  to  which  he 
assented.  I  now  think  that  in  most  cases  the  outline  was  due  to 
pressure  and  distortion,  which  has  much  flattened  the  body-chambers. 

I  had  the  pleasure  of  accompanying  Prof.  Romer  and  Mr.  Lee  to 
Lower  Dunscombe  and  the  Culm-measures  round  Chudleigh,  and 
was  lucky  enough  to  find  two  or  three  imperfect  but  wholly  un- 
crushed  specimens,  which  at  once  dispelled  the  notion  of  ellipticity. 
One  especially,  about  the  size  of  Prof.  Romer*s  figure  of  Goniatites 
intumescens  in  "  Lethaea  Palajozoica,"  has  the  identical  sutures  of  that 
form,  but  is  round-backed  instead  of  rather  keeled ;  this,  however, 
is  probably  dependent  on  sex.  It  is  also  obviously  dorso-siphuncu- 
late.  There  is  no  body-chamber  remaining,  the  air-chambers  being 
filled  with  crystalline  calcite,  so  that  the  shell  when  perfect  was 
considerably  larger.  Goniatites  retroraus  also  occurs  in  these  beds, 
but  is  rare. 

Two  or  three  specimens  of  Cardiola  retrosirtata,  Keyserling,  have 

come  under  my  notice  at  the  same  spot     In  the  Oberscheld  beds 

with  Gon,  intumescens^  the  little  shell  is  as  abundant  as  in  the  shales 

of  Biidesheim,  or  the  cleaved  indurated  marls  of  Salteni  Cove.    This 

^  As,  for  instance,  in  Clymenia  tub'nautilinaf  Sandberger. 
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faot  is  known  to  me  from  having  seen  Mr.  Lee's  series  lately  brought 
from  Obersdield. 

There  is  no  doubt  whatever  that  Prof.  Burner  *  has  identified  a  very 
interesting  horizon  in  England,  with  one  lithologically  and  palaeonto- 
logically  the  same  in  Germany.  Still,  I  should  hesitate  before 
accepting  the  foregone  conclusion  that  there  are  no  Clymenia  present 
—especially  not  having  seen  Mr.  Reid's  specimens,  C  valida  and 
C,  striata,  as  specifically  determined  by  Mr.  Etheridge, — for  the 
following  reasons,  namely,  the  Labrador  Bay  pebbles  out  of  Trias 
near  Teignmouth  contiun  undoubted  ClymenicR  as  well  as  Gonialites ; 
one  specimen  cut  quite  true  in  the  axial  plane  shows  an  uninterrupted 
Tentral  siphuncle  to  the  innennost  whorl.  Another  Labrador  pebble 
contains  two  individuals  of  Cardiola  retroatriata.  The  matrix  of 
these  is  an  indurated  red  calcareous  clay,  not  differing  materially 
from  the  Lower  Dunscombe  top  beds. 

Again,  the  Clymenien-Ealk  of  Silesia  is,  in  colour  and  '  shelvy ' 
fracture,  identical  both  with  the  Oberscheld  and  Lower  Dunscombe 
beds,  and  I  would  suggest  that,  unless  some  clear,  continuous  section 
is  known  which  exhibits  the  Clymenia  stage  well  above  the  Gon, 
itUumeseenB  stage,  the  distribution  of  these  genera  may  be  rather  of 
a  colonial  nature,  than  of  succession  in  time,  i.e,  stratigraphical. 
The  thickness  of  the  group  may  of  courae  vary  considerably  iu 
different  areas.' 

Having  begun  by  criticizing  Mr.  Reid's  palceontological  remarks, 
I  hasten  to  observe  with  what  pleasure  I  have  verified  over  the 
ground  the  fault  which  he  described  as  throwing  down  the  Culm- 
measures  on  the  west  of  the  Chudleigh  limestone  and  subjacent 
slates.^  The  picturesque  *  ChucUeigli  rock  '  is  cut  off  at  its  S.VV.  end 
by  a  N.W.  and  S.E.  fault,  which  steps  Mr.  Keid's  fault  forward  iu 
the  same  direction  to  a  little  beyond  Lewell  House,  whence  it  (the 
strike  fault)  runs  in  a  south-westerly  direction  under  the  *13ovey  Lake,' 
and  reappears  on  the  opposite  side  directly  in  line,  as  the  well-known 
fault  which  throws  the  Culm-measures  against  the  Bickington  lime- 
stone and  associated  rocks  (see  Phillips,  Pal.  Foss.,  and  Dr.  Holl, 
Q.J.G.S.  1868).  From  LemonfoVd  its  coarse  towards  the  granite  at 
Skeriton  has  been  described  by  Dr.  Holl,  as  well  as  some  of  the 
transverse  faults  that  shift  it,  and  I  believe  it  has  a  more  important 
bearing  upon  the  structure  of  S.  Devon  than  has  yet  been  recognized, 
The  S.E.  fault  above  mentioned  runs  to  Oldchard  Well,  bringing  the 
Culm-measures  against  the  Ugbrook  House  limestone,  the  junction 
of  the  two  series  beyond  the  ponds  being  marked  by  a  line  of  swamp. 

It  is  necessary  to  stop  here  and  not  drift  further  from  the  original 
question,  but  we  hope  to  resume  on  a  future  occasion,  and  discuss 
the  unfaulted  relations  of  the  Culm-measures  to  the  Devonian  lime- 
stones on  a  wider  basis,  and  to  this  vital  question  most  of  the  above 

1  Geol.  Mao.  April,  1880. 

*  Since  this  has  been  in  the  printer's  hands,  I  have  seen  a  beautiful  polished  section 
of  Oon.  multiiobatuSf  Sandb.  (s»ee  Prof.  Homer,  I.e.),  from  Labrador  Bay,  in  the 
coUection  of  Mr.  Vicary,  F.G.  S.,  of  Exeter.    Either  there  were  two  sources  whence  tlio 

Ebbles  with  Cephalopoda  were  derived,  or,  as  hiuted  in  the  ttjxt,  the  two  faunas  uro 
H  defined  upon  separate  horizons  than  they  have  hitherto  been  su\}^<Mtid  tu  Uq. 
»  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  454. 
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is  bat  a  little  pioneering.  We  will  only  so  far  anticipate  at  to  My 
that  tliere  is  nothing  whatever  in  the  thin  beds  at  JLower  DnnBOombo 
nione,  to  warrant  the  supposition  that  they  constitute  a  passage  from 
Devonian  into  Carboniferous. 


YII. — A  Contribution  to  the  Study  of  the  British  Carbomifiboub 

TuBicoLAR  Annelida. 

Bj  R.  Ethekidob,  Jan.,  F.G.S.,  F.R.P.S.Edin. 
(Concluded  from  p.  Z^l .) 

in.  — G^nus  Serpula,  Linnaeus,  1758. 
{Syttema  Naturtt,  ed.  10,  p.  786.) 
Ohs, — As  distinguished  from  Serpuliie$,  the  term  Serpula  is  hero 
made  to  include  those  tubes  which  were  attached,  or  in  all  probability 
attached  by  some  portion  of  their  surface  to  other  objects,  and  in 
which  there  is  an  absence  of  the  thickened  margins,  and  the  posterior 
bifurcating  shelly  tubes  of  the  former.  The  name  can  only  be  used 
in  an  approximate  sense,  for  it  is  quite  within  the  bounds  of  poflsi- 
bility  that  any  of  the  species  here  referred  to  Serpula  may  be  shown 
to  have  other  affinities.  Already  two  out  of  the  limited  number  of 
British  Carbon if<'rous  species  have  been  so  indicated.  The  fine  rigid 
siliceous  rods  formerly  called  Serpula  parallela,  M*Coy,  are  now 
known  to  be  the  anchoring  fibres  of  a  sponge  allied  to  Hyalonema,^ 
whilst  it  is  more  than  probable  that  Serpula  hexiearinata,  MK)oy,  is 
the  corallum  of  a  species  of  Heterophyllia. 

13.— Serpula  indistincta,  Fleming.     (PL  VII.  Figs.  30-32.) 

Dentalium  indittifictum,  Fleming,  Edinb.  Phil.  Joum.  1826,  xii.  p.  241.  t.  12,  f.  2. 
iSirpula  conipreasaj  J.  dc  C.  Sowerby,  Mim.  Con.  1829,  vi.  p.  201,  t.  698,  f.  3  (non 

Eichwald). 
„  M'Coy,  Synop.  Carb.  Lime.  Foss.  Ireland,  1844,  p.  168. 

Bronn,  Index  Pal.  Nomen.  1848,  p.  1136. 
Brown,  Foss.  Conch.  1849,  p.  329,  t.  98,  f  26. 
SerpuHteM  compresiuSf  Morris,  Cat.  Brit.  Foss.  1854.  2nded.  p.  93. 

„  „  Bigsby.  Thes.  Dev.-Carb.  1878,  p.  243. 

(Compare  Serpuia  tubciuci a,'  yortlocV,  Geol.  Kept.  Londonderry,  1843,  p.  362.) 

Sp,  char. — Tube  thick,  shelly,  sibooth,  shining,  slightly  tortuons, 
or  fiexuous,  somewhat  compressed,  tapering,  not  coiled  upon  itself, 
or  ill  any  way  convoluted,  or  twisted.  Section  usually  elliptical,  at 
times  approaching  to  the  round.  Surface  smooth,  or  with  indistinct 
aimulations. 

Ohs, — In  1825,  the  Rev.  Dr.  Fleming  described,  under  the  name 
of  Beutalium  indistinctum,  an  elongated,  tapering,  and  somewhat 
curved  tube,  which,  from  its  want  of  symmetry,  it  would  be  difficult 
to  regard  as  a  Dentalium,  Dr.  Fleming  described  this  fossil  thus: 
**  Shell  about  two  and  a  half  inches  long,  and  nearly  half  an  inch  in 
diameter.  The  surface  when  entire  is  smooth,  dull,  and  of  a  whitish 
colour.  It  consists  of  several  layers,  the  surfaces  of  which  have  a 
shining  mother-of-pearl  aspect  ....  In  the  limestone  of  the  Coal 
formation  of  West  Lothian." 

lie  adds,  **  Specimens  of  this  Dentalium  were  sent  to  the  late 

^  Prof.  F.  Roemer  now  places  this  in.  his  genus  Aeettra  (Lethsea  Gr^cg.  1880. 
1  Th.  l8t  Uef.  p.  318). 


»»  f» 
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Mr.  Sowerby  in  1814;  but  he  delayed  giving  a  figure  in  his 
"  Mineral  Conchology  "  in  espeotation  of  reoeiving  more  satisfactory 
examples." 

There  can  be  no  doubt  these  remarks  did  not  meet  the  eye  of 
Mr.  J.  de  Carle  Sowerby,  who  continued  the  publication  of  the 
"Min.  Con. "  after  the  death  of  his  father,  for  in  1829  we  find  him 
publishing  the  same  fossil  under  the  name  of  Serptda  compreasa,  the 
description  and  figure  being  those  of  the  identical  specimen  forwarded 
by  Dr.  Fleming  to  the  elder  Mr.  Sowerby.  This  specimen,  preserved 
in  the  Geological  Collection  of  the  British  Museum,  even  now  retains 
the  original  label,  bearing  on  it  this  note — "  Mr.  Jno.  Fleming, 
Mar.  22,  1814,"  clearly  proving  it  to  be  that  spoken  of  by  Dr. 
Fleming  in  his  description  before  quoted. 

I  have  examined  the  type  specimens  of  Serpida  suhcincta,  PortL, 
from  the  white  Armagh  limestone,  and  I  believe  it  to  be  identical 
with  the  present  species.  In  some  specimens  the  tapering  curved 
form  of  the  tube  of  the  former  is  quite  similar  to  that  of  the  latter, 
the  only  points  of  difference  being  that  the  section  appears  to  be 
more  circular,  although  one  specimen  before  me  is  decidedly  elliptical; 
and  the  surface  is  more  strongly  annulated,  and  has  concentric 
thread-like  striae.  It  should,  however,  be  stated  that  both  in  the 
type  specimen  of  S.  compresenj  and  in  another  example  from  Scotland 
now  before  me,  so  many  of  the  shelly  layers  have  peeied-off  that 
it  is  not  altogether  easy  to  assert  what  were  the  surface  characters. 
They  may  have  been,  therefore,  quite  similar  to  those  of  Port  look's 
species.  I  have  refrained  from  placing  the  latter's  name  in  the  list 
of  synonyms  on  this  account,  although,  if  not  identical,  I  feel  con- 
vinced their  relation  is  a  very  close  and  intimate  one. 

By  M*Coy  this  species,  although  placed  in  Serpula  with  doubt, 
appeared  to  him  to  be  "  more  allied  to  Serpuiites  than  to  Serpula,** 
Morris  makes  a  direct  reference  to  the  former  genus.  The  shelly  and 
pearly  nature  of  the  tube  would  tend  to  bear  out  the  views  of  these 
authors ;  but  if,  as  M*Coy  has  stated,  the  forked,  posterior  termination 
of  the  tube  is  more  a  generic  than  a  specific  character  in  Serpuiites, 
the  species  now  under  consideration  must  for  the  present  remain  in 
Serpula,  because,  so  far  as  I  know,  this  feature  has  not  been  observed 
in  it 

To  whichever  genus  Serpula  indistincta  may  prove  to  belong,  it 
can  be  distinguished  from  our  two  Carboniferous  species  of  Serpuiites, 
S,  earhonarius,  and  S,  memhranaceus,  by  the  section,  which  is  ellip- 
tical, by  the  absence  of  the  bounding  raised  borders  of  those  species, 
and  by  the  much  thicker  and  more  shelly  nature  of  the  tube ;  lastly 
it  is  of  very  rare  occurrence. 

According  to  Mr.  Macleay,^  5.  indistincta  approaches  nearest  to 
the  Silurian  species  Serpuiites  longissimus,  Murch. 

Zoe,  and  Horizon, — "  Limestone  of  the  Coal  formation  of  West 
Lothian"  (Fleming  and  Sowerby)  ;  from  the  appearance  of  the 
matrix  I  should  suppose  this  to  be  one  of  the  Bathgate  limestones. 
A  small  specimen  came  under  my  notice  a  few  years  since  from  the 

^  Annab  Nat.  Hist.  1840,  iy.  p.  388. 
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strata  at  Gamesbill  Quarry,  near  Stewarton,  oonneoted  with  ^ 
lowest  or  Ilowrat  Limestone  (=  the  Main  or  Horlet  lime)  of  the 
Ayrshire  Field  (Mr.  A.  Macconochie),  In  the  Museum  of  Praotioil 
Geology,  there  is  a  specimen  labelled  "  Kilbride,"  probably  meaning 
East  Kilbride. 

l^.—Serptda'  TorbanenstB,  Etheridge,  jun.     (PL  VII.  Fig.  33.) 
S.  Torbanentis,  £th.  Jan.,  Mem.  Geol.  Surrey,  Scot.  Expl.  31,  1879,  p.  80. 

Sp.  char. — Tube  elongate,  either  folded  upon  itself  into  a  more  or 
less  oval  loosely  arranged  coil,  or  many  times  convoluted  and  twisted 
in  an  irregular  manner,  but  always  with  a  tendency  to  assume  the 
former  condition ;  coils  sometimes  piling  towards  the  centime ;  section 
probably  circular,  or  the  tul)es  may  have  been  a  little  angular; 
surface  longitudinally  wrinkled ;  size  of  the  coils  from  1^  to  3  lines 
in  diameter. 

Oha. — I  cannot  refer  this  form  to  any  of  the  CarboniferonB 
Annelids  with  which  I  am  acquainted.  Although  exceedingly  con- 
spicuous, little  can  be  said  in  the  way  of  description  from  the  coiled 
and  sometimes  contorted  manner  in  which  its  remains  are  preserved 
and  converted  into  carbonate  of  iron.  This  h&s  to  a  certain  extent 
altered  the  surface-markings  of  the  tubes ;  but  it  has,  on  the  other 
hand,  rendered  its  presence  in  the  black  ironstone  so  very  con- 
spicuous, that  it  becomes  necessary  to,  at  least,  designate  the  species 
by  a  name,  more  especially  as,  with  the  exception  of  a  small  Authra- 
coptraform  shell,  occasionally  seen,  the  Serptda  is  the  prevailing 
fossil  in  the  ironstone.  S,  Torhanensis  occurs  in  the  latter  in 
thousands,  at  times  scattered  generally  through  the  matrix,  but  at 
others  grouped  into  small  clusters  of  an  inch  or  two  in  extent  It 
recalls  to  us  certain  of  those  forms  met  with  in  younger  rocks, 
rather  than  those  we  are  accustomed  to  meet  with  in  Carboniferous 
strata.  Of  the  latter  it  approaches  nearest  to  Serptda  (Sptrorhi$) 
helictereSf  Salter,  but  is  quite  distinct. 

Loc.  and  Horizon. — Pits  at  Boghead,  Barbuchlaw,  and  Coppers, 
near  Batbgjito,  in  Blackband  ironstone  above  and  below  the  Boghead 
l)arrot  coal  (Torbane-hill  mineral).     Mr.  J.  JBennie. 

15. — Serpvla  vermeiiformis^  sp.  no  v.     (PL  VIL  Fig.  34.) 

Sp.  char. — Tube  vennetiform,  or  obtusely  turriculated,  the  whorls 
coiled  one  above  the  other,  but  with  the  exception  of  the  two  last 
scarcely  touching.  Each  whorl  is  cut  across  by  a  series  of  con- 
strictions on  the  upper  part,  and  placed  at  irregular  distances  from 
one  another.  Surface  dark  and  shining,  with  slightly  wavy,  trans- 
verse, delicate,  and  almost  smooth  annnlations. 

06«. — The  tube  of  the  specimen  described  is  wound  round  a 
TrodnctuSy  and  there  are  traces  of  six  whorls  or  turns  of  the  tube, 
although  it  is  probable  from  the  appearance  of  the  specimen  that 
more  existed. 

The  constrictions  placed  at  irregular  distances  along  the  tube 
have  much  the  appearance  presented  by  any  yielding  substance  when 
tied  across  by  a  string  or  other  confining  medium. 

As  I  cannot  refer  this  to  any  described  species  of  Carboniferous 
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worm-tube  with  which  I  am  acqaaiated,  I  propose  for  it  the  trivial 
name  of  vermetiforme,  in  allnsion  to  its  general  resemblanoe  to  some 
forms  of  Vermetus.  S.  vermetiforme  approaches  nearest  to  S,  Archie 
medis,  De  Koninck,  bat  having  compared  it  with  examples  of  this 
species  in  the  National  Collection,  I  can  pronounce  on  their  distinct- 
ness. It  wants  the  strong  transverse  ridges  and  elongated  drawn- 
ont  form  of  the  latter. 

I  am  indebted  for  the  loan  of  the  specimen  to  the  Bev.  G. 
Oldridge  de  la  Hey,  of  Marple,  Cheshire,  vfho  found  the  specimen, 
and  forwarded  it  through  Dr.  H.  Woodward. 

Loe.d  Horizon, — Castleton, Derbyshire, in  Carboniferous Limesione. 

16. — Serpulaf  (or  Serpulites?)  sp.  ind. 

Ob§. — ^I  gave  a  figure,  published  in  a  paper  in  a  late  number 
of  the  Proceedings  of  the  Glasgow  Nat  History  Society,*  of  what 
appears  to  be  a  Serpida  boring  into  a  Crinoid  stem.  The  tube  in 
question  is  small,  dark,  and  shining,  with  the  peculiar  bluish-bloom 
so  often  seen  on  the  tubes  of  the  Carboniferous  Serpidites,  Little 
more  can  be  said  about  it,  but  we  may  hope  for  further  specimens 
when  the  true  character  may  be  revealed. 

Loc  d  Horizon. — Woodend  Quarry,  near  Fordel,  Fife  {Mr.  J.  Bennie). 

IV. — Genus  Vermilia,  Lamarck,  1818. 
(Hiflt.  des  Anim.  sans  Yertebres,  v.  p.  368.) 

Ohs. — The  genus  was  proposed  by  Lamarck  for  tubes  adhering  by 
their  whole  length  to  submarine  bodies,  cylindrical  in  form,  attenuated 
towards  their  posterior  termination,  more  or  less  twisted,  and  with  a 
round  aperture  frequently  having  from  one  to  three  projecting 
denticles. 

Vermilia  is  met  with  to  a  certain  extent  in  Secondary  rocks,  but 
increases  in  species  in  the  Tertiary  formation.  So  far  as  I  am  aware, 
only  one  Carboniferous  species  has  been  described,  V.  mtnutay  Brown, 
and  another  in  the  Permian  of  this  country  by  Prof.  King,  V,  obscura. 
It  is,  however,  npt  improbable  that  Serpula  minuta  of  Eichwald*raay 
be  referable  to  this  genus,  in  which  case  the  name  will  require 
alteration  so  as  not  to  clash  with  F.  minuiay  Brown. 

V,  minuta  as  figured  by  Brown  is  a  small,  simple,  curved,  horn- 
shaped  body,  and  appears  to  be  rare.  It  is  quite  different  to  the 
more  or  less  convoluted  Carboniferous  tube  attached  to  Crinoid  stems 
one  is  accustomed  to  meet  with  under  this  name  in  Collections,  which 
much  more  closely  resembles  V.  ohscura,  King,  as  very  justly  stated 
by  Messrs.  Armstrong  and  Young.' 

I  have  never  had  the  satisfaction  to  examine  a  specimen  in  anything 
like  a  good  state  of  preservation,  and  will  therefore  not  perpetuate 
the  mistake,  I  have  in  common  with  others  frequently  before  made, 
but  will  simply  refer  to  this  species  as  Vermilia  (sp.  ind.) ;  indeed,  I 
have  not  seen  any  clear  proof  that  it  is  a  Vermilia  at  all. 

*  Vol.  iv.  pt.  i.  t.  i.  f.  18  and  19. 

'  Ball.  Soc.  Nat.  Moecou,  1856,  No.  2,  p.  407 ;  LethoBa  Rossica,  1860,  i.  p.  671, 
t.  34,  £.6  *  Trans.  Geol.  Soc.  Glasgow,  ill.  App.  ^.  23, 
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17.— FcrmtVio  f  sp.  ind.     (PL  VH.  Fig.  35.) 

Sp.  chars. — Tube  tortuous,  twisted,  or  curved,  but  never  coiled  npon 
itself  in  the  form  of  a  spiral ;  attached  to  the  surface  of  submarine 
bodies,  usually  Crinoid  stems  and  plates,  by  its  whole  length.  Section 
Bubangular  to  round,  but  it  is  more  usually  seen  in  a  compressed 
form  ;  surface  as  a  rule  plain,  or  with  indistinct  transverse  striationt. 

Obs, — As  before  observed,  Brown's  figure  of  V.  minuta  representsa 
small  horn-like  tube  which  cannot  possibly  include  such  a  twisted  or 
curved  form  as  the  present  one,  unless  indeed  the  figure  is  wretchedly 
bad.  The  surmise  of  Messrs.  Armstrong  and  Young  is  probably 
neai-er  the  truth,  that  the  Carboniferous  form  met  with  in  Scotland 
is  more  allied  to  V,  obscura,  King,  than  to  Brown's  species. 

Loc,  and  Horizon, — Skateraw  Quarry,  near  Dunbar,  in  shale  over 
the  Skateraw  Limestone  ;  L.  Carboniferous  Limestone  Group ;  and 
various  other  localities  {Mr.  J.  Bennie). 

V. — Genus  Ortonia,  Nicholson,  1872. 

Ortonia,  Nicholson,  Geol.  Mao.  1872,  Vol.  IX.  p.  447. 

„  „  Brit.  Assoc.  Kept,  for  1872  (pub.  1873),  pt.  2,  p.  119. 

,,  ,,  Pal.  Ontario,  1874,  pt.  1,  p.  122. 

ComhicoHtety  Miller  (pars).  Cat.  American  Pal.  Foss.  1877,  p.  206. 

Gen.  char. — Animal  solitary,  inhabiting  a  calcareous  tube,  which  is 
attached  along  the  whole  of  one  side  to  some  foreign  body.  Tube 
slightly  flexuous,  conical,  in  section  cylindrical,  or  somewhat  flattened 
laterally,  and  subtriangular.  Walls  of  the  tube  thick,  and  marked 
by  annulations,  which  may,  or  may  not  extend  completely  round  the 
tube  {Nicholson). 

Obs. — The  genus  Ortonia  was  proposed  by  Prof.  H.  A.  NichoLson 
to  include  small  Tubieolar  Anuelides  of  the  Silurian  rocks,  which  are 
solitary,  and  adherent  to  foreign  bodies  along  the  whole  of  one  side 
of  the  tube.  The  genus  Conchicolites,  Nicholson,  includes  essentially 
social  tubes  which  are  only  attached  by  their  bases  to  foreign  bodies, 
grow  up  vertically  side  by  side,  and  are  often  closely  united  laterally 
to  one  another. 

Ortonia  is  only  accidentally  social  or  aggregate,  and  is  essentially 
a  solitary  form.  Cornulites,  on  the  other  hand,  includes  tubes  which 
are  always  free,  at  any  rate  when  grown  up.  The  original  diagnosis 
of  Ortonia  described  the  genus  as  possessing  a  peculiar  cellular  zone 
down  the  unattached  side  of  the  tube ;  but  as  this  is  confined  to  the 
type  species,  0.  conica,  and  as  two  other  Silurian  species  have  since 
been  described,  0.  minor  and  0.  intermedia,  in  which  this  zone  is  not 
met  with.  Prof.  Nicholson  now  abandons  this  character  as  of  generic 
importance.  Judging  from  the  structure  of  0.  interinedia,  the  tube 
would  appear  to  be  made  up  of  a  succession  of  imbricating  conical 
segments,  the  upper  edges  of  which  produce  the  encircling  ridges  or 
annulations. 

Mr.  A.  S.  Miller  has,  in  his  "  American  Palceozoic  Fossils,"  placed 
Ortonia  as  a  synonym  for  Conchicolites ;  but  as  Prof.  Nicholson  still 
maintains  their  generic  distinction,  I  prefer  following  bis  opinion, 
especially  as,  so  far  as  I  know,  no  reasons  have  been  assigned  for  the 
above  union. 
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Through  the  researches  of  Mr.  John  Young,  F.G.S.,  a  form  has 
been  met  with  in  the  Carboniferous  shales  of  Scotland  possessing 
characters  which  appear  sufficiently  near  to  place  them  within  generic 
affinity  of  Ortonia,  Nich. 

Both  Pacht  and  Eichwald  have  described  forms  which  appear  to 
me  to  be  inseparable  from  Ortonia,  The  Serpxda  Devonica  of  tho 
former^  is  described  as  a  small  slightly  bent  tube,  never  becoming 
spiral,  but  tapering  towards  one  extremity,  and  marked  with  indistinct 
growth-striae.  It  occurs  at  Kon-Kolodes  on  the  Don,  associated  with 
Spiri/er  Anossoffi.  Serpula  striattHa,  Eichwald,^  is  a  conical,  curved, 
and  attenuated  tube,  flattened  on  the  attached  side,  convex  on  the  free, 
but  with  the  cavity  of  the  tube  circular.  The  free  surface  bears 
unequal,  close,  transverse  stnsB,  which  are  continued  as  lateral  fringes 
on  the  object  of  attachment;  it  is  of  Devonian  age,  adhering  to 
examples  of  Favosites  polymorpha  and  Cyathophyllum  Jlexuosum,  We 
have  in  this  latter  species  a  point  of  much  interest  in  the  development 
of  the  growth-strisB  into  a  lateral  fringe  on  each  side,  impinging  ou 
the  object  to  which  the  tube  is  attached,  and  in  this  respect  re- 
sembling Ortanta  intermedia,  Nich. 

18.— Or/onia  earbonaria,  Young.     (PL  VII.  Figs.  37-40.) 

0.  earbonariay  Young,  Geol.  Mao.  1873,  Vol.  X.  p.  112. 

„  „  „       l^roc.  Nat.  Hist.  Soc.  Glasgow,  1876,  ii.  pt.  2,  p.  223. 

„  „         Bigsby,  Thes.  Dev.-Carb.  1878,  p.  243. 

Sp.  char. — Tube, small,  conical,  and  straight,  or  slightly  curved ; 
attached  wholly  by  one  side,  or  only  a  portion  of  it.  Section  circulHr. 
Surface  ornamented  by  sharp,  continuous,  annulations  or  rings 
separated  by  interspaces  of  variable  breadth,  but  usually  a  little  wider 
than  the  ridges  themselves,  and  crossed  longitudinally  by  innumer- 
able fine  microscopic  striae. 

Ohs, — This  remarkable  little  organism  is  usually  found  loose  with 
other  minute  fossils  on  washing  the  weathered  shales  from  various 
localities,  or  is  met  with  attached  to  the  species  of  Froductt,  which 
appears  to  be  its  natural  habitat  It  possesses  characters  which 
render  it  of  peculiar  interest  in  connexion  with  the  Silurian  species 
described  by  Prof.  Nicholson.  In  the  first  place,  there  is  no  cellular 
zone,  as  in  the  type  species  0.  conical  thus  showing  a  tendency 
towards  0.  minor  and  0.  intermedia.  Secondly,  the  annulations  of 
the  surface  are  crossed  by  very  fine,  in  fact  quite  microscopic,  longi- 
tudinal striae  a  character  not  found,  to  my  knowledge,  in  any  of  the 
Silurian  species  ;  and  lastly,  I  have  in  one  or  two  specimens  observed 
a  tendency  towards  the  imbricating  nature  of  the  segments  described 
by  Prof.  Nicholson  in  O,  intermedia. 

The  measurements  of  this  very  Or^^ocera/i7e-looking  little  tube, 
given  by  Mr.  Young,  are — length  ^  to  J  inch ;  diameter  of  the  tube 
at  the  larger  end  ^V  to  sV  of  an  inch ;  annulations,  35  in  the  space 
of  i  of  an  inch. 

Urionia  carbonaria  differs  from  all  the  other  species  of  the  genus 

'  Beiti&ge  zur  KenntniBS  d.  Russ.  Reiches,  1858,  xxi.  p.  107,  t.  4,  f.  6. 
*  Lethsea  Bossica,  i.  p.  672 ;   Atlas,  f.  34,  f.  4,  a,-€. 
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at  preRcnt  known  by  being  atfacbed  at  times  only  by  a  part  of  iti 
surface  on  one  side  of  the  tube,  and  in  the  presence  of  the  longitndiul 
nucroscopic  strise.  It  agrees  with  0.  minor  and  0.  inUnnedia  in  the 
absence  of  the  cellular  zone  de8cril>ed  as  existing  in  0.  eom^a,  whilit 
tlie  absence  of  any  lateral  expansions  at  once  separates  it  from 
0.  intermedia,  and  0.  striatula,  Eichwald.  On  the  whole,  it  probablj 
is  most  nearly  allied  to  0.  minor,  Nich.,  and  0.  Detomca,  Pacht 

Loc.  and  Horizon. — Found  at  a  large  number  of  localities,  amongst 
which  may  be  mentioned — Galabraes  Quarr}%  near  Bathgate,  inshalo 
below  the  Bathgate  Limestone ;  Eoscobie  Quarry,  near  Donfermline, 
in  shale  above  the  Roscobie  Limestone ;  FuUarton  Quarryt  near  Edin- 
burgh, in  shale  between  the  bands  of  the  No.  2  Limestone;  Folwood 
Old  Quarry,  near  Carluke,  in  shale  above  the  main  limestone,  all 
horizons  in  the  Lower  (.^arboniferous  Limestone  Gronp  (Jir.J.  Bemiie). 

Shore,  east  of  Ravenscraig  Castle,  Fife,  in  shale  above  the  Gair 
Limestone;  Westerhouse  and  Gair  Quarries,  in  shale  above  the 
Gair  Limestone,  horizons  in  the  Upper  Limestone  Gronp  {Mr.  J. 
Jiennie),  The  t3'pical  locality  given  by  Mr.  Young  is  Brockley,  nesr 
Lesmahagow. 

VL— Genus  Ditrupa,  Berkeley,  1835. 

(Zool.  Joum.  T.  p.  426.) 

Gen.  char, — "  Shell  fi-ee,  tubular,  open  at  both  ends  '*  (BerJcehf). 

Ohs. — Certain  fluted,  or  ridged  tubes,  found  in  the  Carlioniferoiu 
rocks  of  Vise  and  Tournay,  have  already  been  referred  to  Berkeley's 
genus  Ditrnpa  by  Baron  de  Ryckholdt,  under  the  name  of  D.  Carho- 
hi f era}  Judging  from  the  figure  this  does  not  appear  to  partake  of 
the  characters  usuall}'  met  with  in  this  genus  in  a  sufficiently  clear 
manner  to  render  it  absolutely  certain  that  we  are  dealing  with  a 
species  of  it.  The  same  author's  Dltrupa  Devonica  appears  to  be  a 
more  satisfactory  determination,  even  to  the  presence  of  the  transverse 
wrinkles  or  undulations  of  the  surface.  If  truly  a  Ditrupa,  then  the 
latter  species  is  the  oldest  form  on  record,  being  found  in  Devonian 
rocks. 

The  following  species,  which  I  now  describe  under  the  name  of 
Ditrupa  Hijckholdti,  comes  much  nearer  in  general  characters  to  the 
recent  species  than  does  that  of  Baron  de  Ryckholdt,  from  Vise  and 
Tournay. 

19.— DiVriipa  Ryclcholdti,  sp.  nov.     (Plate  VU.  Fig.  41.) 

Sp.  char. — Tube  small,  elongate,  slightly  curved,  plain,  smooth  and 
liollow,  tapering  very  gradually,  with  a  few  small  constrictions  towards 
the  larger  end,  ginning  to  the  surface  a  broadly  annulated  appearance ; 
ornament  none. 

Obs. — Side  by  side  with  the  figure  of  this  little  fossil  I  have  given 
one  of  a  recent  Ditrupa,  from  the  coast  of  Madeira.  This  comparison 
will  at  once  show  the  very  close  resemblance  existing  between  the 
two.  In  PI.  VII.  Fig.  42,  the  recent  form,  are  seen  numerous  con- 
strictions commencing  at  about  the  middle  of  the  tube  and  continuing 

*  M^m.  Cour.  etc.,  TAcad.  R.  de  Belgique,  1852,  zxir.  p.  125,  t.  6,  f.  25. 
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18  far  up  as  the  oontraoted  margin  of  the  mouth.  In  another 
specimen  of  the  recent  species,  there  is  an  absence  of  constrictions, 
but  a  more  lengthened  and  contracted  mouth  than  in  the  former  figure ; 
whilst  in  a  third  example  the  constrictions  are  visible  much  lower 
Sown  than  in  either  of  the  other  examples,  and  the  mouth  is  com- 
paratively little  contracted. 

Turning,  now,  to  the  minute  fossils,  which  I  believe  to  be  referable 
to  Ditrupa,  we  in  the  first  place  observe  one,  PL  YII.,  in  wnich  the 
constrictions  are  very  numerous  and  well-marked ;  another,  in  which 
they  are  continued  regularly  between  the  two  apertures ;  and  lastly, 
Gt  third  example,  in  which  the  constrictions  are  almost  absent. 

Dr.  Bigsby  *  gives  Ditrupa  Carhonifera,  De  Ryckholdt.  as  ooourring 
Bit  Graigenglen  in  Stirlingshire,  but  I  am  not  acquainted  with  the 
published  reference  to  this. 

Ditrupa  Byckholdti  may  be  distinguished  from  both  the  species 
described  by  De  Hyckholdt  by  its  much  smaller  size,  the  regularity 
of  its  ornamentation,  and  the  very  slight  curvature  of  the  tube. 

Loc.  and  Horizon. — Woodend  Quarry,  near  Fordel,  in  shale  above 
the  No.  2  Limestone  of  the  L.  Carboniferous  Limestone  Series  {Mr. 
J.  Bennie), 

VIIL — On   the  Association   of  Stibnitk  and  Cinnabab  in 

Mineral  Deposits. 

By  J.   G.  H.    Godfrey,   F.G.S. 

THE  association  of  stibnite  and  cinnabar  appears  to  have  been 
first  noticed  at  El  Haminat,'  in  the  province  of  Constantino 
Algiers,  where,  during  the  years  1850  to  1852,  considerable  quan- 
tities of  both  these  minerals  have  been  raised  from  veins  traversing 
Cretaceous  schists.  Other  localities  in  Algiers  showing  the  same 
association  are :  Ghclma  near  Phillipsville,  where  cinnabar  in 
crystalline  crusts  covers  and  penetrates  antimony  ochre  derived  from 
the  decomposition  of  stibnite,  the  containing  rock  being  a  sacclia- 
roidal  limestone;  Debar,  19  kilometers  to  the  N.W.  of  Ghelma, 
where  stibnite  is  found  covered  with  spots  of  cinnabar,  the  gangue 
being  heavy  spar ;  Traia,  showing  a  similar  occuiTence  to  the  pre- 
ceding ;  Tasselemet,  where  radiating  crystals  of  stibnite  occur 
imbedded  in  earthy  cinnabar. 

In  Mexico,  at  Hentzuco,  cinnabar  has  been  observed  as  a 
coating  upon  stibiconite,  showing  pseudomorphs  after  stibnite. 
Recently  Dana^  described  a  new  mineral,  Livingstonite,  which  had 
been  discovered  at  the  mine  Ayoque  de  Huitzero,  Mexico,  in  a 
matrix  of  carbonate  and  sulphate  of  lime,  together  with  sulphur, 
cinnabar,  stibnite,  and  valentinite.  This  mineral,  of  a  hardness  2, 
spec.  gr.  4*81,  occurs  in  prisms  and  columnar  groups  like  stibnite. 

>  The*.  Dey.-Carb.  p.  243. 

>  Guide  pratique  do  min^ralogie  appliqu^,  par  A.  F.  No^^s,  Paris,  64,  rue  des 
Saints  fir^res,  vol.  ii.  pp.  131.  Notice  sur  les  gites  mineraux  et  les  materiaux  de 
eonstroction  de  TAlgerLe,  par  M.  Yille,  ingenieur  en  chef  des  Mines,  Ann.  des  Mines, 
6th  icrie,  torn.  xvi.  1869,  p.  161. 

'  Dana,  System  of  Mineralogy,  6th  edition,  vol.  ii.  appendix,  p.  35. 
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Its  colour  is  bright  lead-grey  and  its  streak  red,  not  black  as  with 
stibnite.  According  to  an  analysis  by  Barcena,  its  composition  hts 
been  found  nearly  to  correspond  to  the  formula  4  86  S*  +  HgS  + 
Fe  S% 

In  Nevada  and  New  Zealand,  stibnite  and  cinnabar  are  said  to  be 
found  associated  with  each  other,  but  the  author  is  not  aware  of  any 
publications  about  this  association. 

A  few  years  ago  cinnabar  in  considerable  quantity  was  dis- 
covered in  the  refuse  heaps  of  the  Meria  antimony  mines  ^  situated 
in  the  commune  of  Ersa,  Cape  Corse,  in  the  island  of  Corsica.' 
Lodes,  containing  the  antimony  chiefly  as  sulphide  rarely  as  oxide, 
occur  there  in  serpentine,  talcose  schists,  or  metamorphio  limestone. 
They  usually  run  from  nearly  N.  W.  to  S.E.,  vary  in  width  from  a  few 
inches  to  11  ft,  and  are  composed  of  stibnite  (stibioonite),  cinnabar 
in  greatly  varying  quantities,  iron  pyrites  and  as  gang^e,  fragments 
of  the  containing  rock,  clay  resulting  from  the  decomposition  of  the 
same,  quartz,  calcite  and  but  rarely  gypsum.  Experience  has  shown 
that  when  calcite  becomes  predominant  as  gangue,  no  cinnabar  it 
found  associated  with  the  stibnite.  In  the  Castello  lode  stilmite  in 
fine  needles  occurs  dispersed  throughout  the  calcite,  which  forms 
there  the  main  constituent  of  the  lode.  The  calcite,  which  retains 
its  crystalline  form,  is  more  or  less  darkened  according  to  the 
quantity  of  inclosed  needles  of  stibnite.  It  frequently  occurs,  that 
in  some  large  rbombohedral  masses  of  calcite  some  of  the  comers 
are  rendered  dark  by  the  presence  of  stibnite,  whereias  the  remainder 
retains  its  original  white  colour. 

Cinnabar,  always  in  the  amorphous  state,  occurs  in  these  lodes; 
either  filling  up  the  interstices  left  between  the  crystals  of  stib- 
nite (Seraggio  lode),  or  intimately  mixed  with  amorphous  stibnite, 
and  also  in  the  shape  of  thin  (up  to  half  an  inch  thick)  ribs 
inclosed  in  amorphous  stibnite  (Vallone  and  Fossato  lodes). 

The  presence  of  intimately  intermixed  cinnabar  in  amorphous 
stibnite  is  always  indicated  by  irridescence  of  the  latter,  and  this 
projierty  is  made  use  of  in  separating  ores  containing  cinnabar  from 
those  which  are  composed  of  amorphous  stibnite  only.  The 
Vallone  and  Fossato  lodes  yield  at  present  mixed  antimony  and 
cinnabar  ores  in  considerable  quantities. 

Tlie  observed  facts  appear  to  prove  that  in  these  lodes  the  deposi- 
tion of  cinnabar  has  taken  place  subsequent  to  that  of  stibnite,  and 
most  likely  also  subsequent  to  that  of  calcite,  which  appears  to  form 
the  chief  mineral  of  the  Castello  lode. 

In  Tuscany,  near  Selvena,  situated  close  to  Santa  Fiora,  an  associa- 
tion of  stibnite  and  cinnabar  has  also  been  observed.  Cinnabar 
occurs  there,  usually  in  small  crystals,  seldom  in  small  lumps,  in 
clay-seams  interstratified  with  Nummulitic  limestone.  The  layer  of 
limestone  at  their  junction  has  been  found  impregnated  with  fine 

^  FirBt  discovered  at  the  Spellonche  lode,  where  the  ore  picked  from  the  refose  is 
said  to  have  contained  28  per  cent,  of  mercury. 

'*  See  also  :  Hollande,  Geologie  de  la  Corse,  Ann.  des  Sciences  gteologiques,  1877| 
p.  IT- 
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needles  of  stibnite,  bat  no  stibnite  ocours  with  the  cinnabar 
oontained  in  the  olay-seams.  Close  to  Selvena  exists  a  solfatara 
discharging  carbonic  acid  and  sulphuretted  hydrogen  in  large  quan- 
tities ;  and  it  appears  highly  probable,  that  this  solfatara  has  played 
an  important  part  in  the  formation  of  these  deposits.' 


I. — Eably  Man  in  Britain,  and  his  Plaok  in  the  Teetiary 
Period.  By  W.  Botd  Dawkins,  M.A.,  F.R.S.,  etc.,  etc.  8vo. 
pp.  537,  168  Woodcuts.     (London  :  Macmillan  &  Co.) 

THE  literature  of  Man's  antiquity  grows  apace.  Lyell,  Lubbock, 
Stevens,  Evans,  E.  B.  Tylor,  James  Geikie,  and  Prof.  Dawkins 
himself  have  contributed  volumes  liearing  more  or  less  directly  upon 
the  subject.  His  ancient  stone  implements  and  weapons,  his  flint- 
ohips,  his  megalithic  monuments,  have  been  described  in  detail. 
The  evidence  of  his  antiquity  and  early  history  both  at  home  and 
abroad  has  been  summed  up ;  and  his  contemporaneity  with  large 
mammalia  now  extinct  in  this  country  has  been  admitted  by  all 
capable  of  forming  an  opinion  upon  the  subject  His  relation,  how- 
ever, to  the  *'  Great  Ice  Age,"  is  still  a  matter  undergoing  investiga- 
tion— it  is  a  vexed  question,  and  geologists  will  therefore  turn  to 
Prof.  Dawkins's  new  work  with  eagerness  to  learn  the  opinion  of 
one  who  has  had  such  wide  and  varied  experience  of  the  subject.  In 
his  former  work  on  **Cave-h anting"  (published  in  1874),  the  author 
dealt  with  a  particular  portion  of  the  evidence ;  in  the  present  work, 
though  it  naturally  embodies  the  results  of  the  former  one,  he  treats 
generally  of  man's  early  occupation  of  Britain,  as  deciphered  by  the 
geologist,  the  archaeologist,  and  the  historian. 

The  author  commences  with  a  brief  sketch  of  the  history  of  life 
through  past  ages,  and  he  observes  that  "  The  invasion  of  Europe 
by  the  placental  mammals  is  the  great  event  which  is  the  natural 
starting-point  for  our  inquiry  into  the  ancient  history  of  man,  since 
the  conditions  by  which  he  was  surrounded,  on  his  arrival  in  Europe, 
form  part  of  a  continuous  sequence  of  changes,  from  that  remote 
period  down  to  the  present  day." 

Existing  orders  and  families  of  the  placental  mammalia  are  known 
to  us  for  the  first  time  in  the  Eocene  period.  The  fauna  and  flora 
and  geographical  changes  of  the  period  are,  however,  described  at 
more  length  than  seems  necessary  (24  pages),  with  a  full-page 
illustration  of  "  Mid  Eocene  Forest  of  Bournemouth,  overlooking 
Lagoon."  Such  matter  would  seem  more  appropriate  to  a  manual 
of  geology,  especially  as  in  a  concluding  paragraph  headed  "Man  not 
here,"  Prof.  Dawkins  says,  "  It  is  obvious  that  man  had  no  place 
in  SQch  an  assemblage  of  animals  as  that  described  in  this  chapter. 
To  seek  for  highly-specialized  man  in  a  fauna  where  no  living  genus 
of  placental  mammal  was  present  would  be  an  idle  and  hopeless 

'  See  in  connexion  with  thiR  subject :  A  Contribution  to  the  History  of  Mineral 
Veins  by  J.  A.  Phillips,  F.G.S.,  Quart.  Journ.  Gool.  Soc.,  vol.  36,  p.  390. 
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queftt."     A  view  which  is  the  Datural  result  of  belief  in  the  theoiy 

of  evolution. 

In  the  Miocene  ^  period  living  genera  of  Mammals  begin  to  appoiCi 
And  in  the  chapter  devotel  to  this  subject  the  author  refers  to  the 
difficulty  of  dihtinji^nishing  between  Eocene  and  Miocene.  '*Tlie 
only  clue  to  their  geological  date  (he  says)  is  the  stage  of  evolatioQ 
presented  by  the  mammalia,  the  more  general  having  obviouslj 
preceded  in  point  of  time  the  more  special  forms  " — a  doctrine  set 
forth  at  length  in  a  paper  he  recently  communicated  to  the  Geological 
Society  of  London,  on  "  The  Classification  of  the  Tertiary  Period  by 
means  of  the  Mammalia.'*  Although  such  a  classification  would  be 
undoubtedly  useful,  we  cannot  help  thinking  it  would  be  most 
inconvenient  and  undesirable  to  allow  it  to  alter  our  present  classifi- 
cation, which  should  be  based  on  the  evidence  of  physical  coDditioni 
and  changes,  rather  than  on  the  occurrence  of  any  particular  fossil 
forms. 

He  regards  the  Hempstead  Beds  as  Miocene,  for  they  yield  re- 
mains of  a  hog-like  animal  {Hyopotamus  hovtRits),  found  in  Lower 
Miocene  strata  on  the  Continent.  By  most  authorities  they  have 
been  regarded  as  Eocene ;  but  Professor  Judd  now  places  them  as 
Oligocene.  The  physical  changes  of  this  period  are  dwelt  upon, 
and  the  author  intnxluces  a  section  through  Beinn  More,  the  volcano 
of  Mull,  from  a  paiier  by  Prof.  Judd,  which  seems  to  us  as  out  of 
place  as  the  ideal  picture  from  ** Nature"  by  Mr.  Starkie  Gardner, 
before  montioned. 

In  the  Miocene  period  we  come  upon  the  first  supposed  traces  of 
Man — evidence  resting  on  certain  "splinters  of  flint"  found  in  the 
Mid- Miocene  strata  at  Tlienay,  and  on  a  notched  fragment  of  a  rib 
of  Halitherium  from  Pouance,  in  France.  These  data  appear  to 
Prof.  Dawkins  insnfficit'nt  to  establish  a  Miocene  man.  If  the  fliuts 
were  splintered  artificially,  he  suggests  that  this  was  done  by  one 
of  the  higher  a])es  then  living  in  France  rather  than  by  man.  He 
remarks  tljat  *'The  evolution  of  the  animal  kingdom,  recorded  in 
the  rocks,  had  at  this  time  advanced  as  far  as,  but  no  further  than, 
the  Qnadrumana,  and  it  seems  to  me  not  improbable  that  some  of 
the  extinct  higher  apes  may  have  possessed  qualities  not  now  found 
in  living  members  of  their  order."  Indeed,  Prof.  Dawkins  considers 
it  highly  improbable  that  man  was  then  living  in  any  part  of  the 
world,  for  **  no  living  species  of  land  mammal  has  been  met  with 
in  the  Meiocene  fauna." 

In  the  Pliocene  strata  at  least  one  living  species  of  mammal 
has  been  found,  "therefore  the  improbability  of  man  having  lived 
in  Europe  at  that  time  is  proportionally  lessened."  In  his  chapter 
on  this  formation  Professor  Dawkins  refei*s  to  the  evidence  of  Ice- 
action  in  Pliocene  times,  to  the  Flora,  and  to  the  Mammalia  in 
general ;   he   discusses   the   development  of  antlers    in   deer,  and 

^  Prof.  Dawkins,  followinp^  John  Phillips,  Bp«ll8  the  words  as  Meiocene,  Pleiocene; 
it  seems  to  us  hetter  to  follow  Lyell  (the  originator  of  the  terms),  and  use  MioceM 
ttd  FliooM^i4BPde  of  spellinj^  generally  adopted.     For  the  benefit  of  stodeati 
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points  out  the  rotreat  of  apes  owing  to  the  lowering  of  the  climate. 
He  regards  the  evidence  of  Pliocene  man  in  France  and  Italy  as 
unsatisfactory;  and  concludes  that  it  is  very  improhahle  that  he 
will  ever  be  proved  to  have  lived  in  this  quarter  of  the  world  at 
that  remote  time,  owing  to  the  number  of  extinct  species  of  mammals 
which  characterize  the  Pliocene  deposits.  Further,  he  regards  it 
as  an  open  question  whether  man  lived  in  early  Pleistocene  times, 
in  which,  however,  he  includes  (very  unfortunately,  we  think)  the  i 
Forest  Bed  of  Norfolk.  ' 

The  Forest  Bed  is  so  intimately  connected  with  the  Crag  of  | 
Norfolk,  that  if  the  former  be  placed  as  Pleistocene,  so  also  must  the  J 
latter.  The  observations  of  all  who  have  made  a  careful  study  of 
the  Pre-glacial  beds  on  the  Cromer  coast  testify  to  this,  and  it  is 
only  necessary  to  refer  to  the  works  of  Lyell,  of  Mr.  John  Gunn, 
Prof.  Prestwich,  and  Mr.  Clement  Reid  in  support  of  the  statement. 
Indeed  the  Westleton  Beds  which  Prof.  Dawkins  places  in  the  Newer 
Pliocene  (p.  72)  are  described  by  Prof.  Prestwich  as  above  the 
Forest  Bed.  This  is  only  another  instance  of  the  futility  of  attempt- 
ing classification  on  restricted  palasontological  evidence.  Since  the 
work  was  published  three  species  of  Camivora  new  to  the  Forest 
Bed  have  been  recorded.^  It  is  quite  true  that  there  may  be  no 
hard  line  of  demarcation  between  the  Pliocene  and  Glacial  deposits,- 
but  there  is  a  considerable  change  of  conditions  between  them,  and 
it  seems  decidedly  most  convenient  to  regard  the  Pleistocene  period 
as  commencing  in  Glacial  times. 

Prof.  Dawkins  gives  lists  of  Mammals  showing  those  that  survived 
from  the  Pliocene,  and  the  living  and  extinct,  species  of  new  comers. 
The  lists  of  Mammals  from  the  Pre-glacial  Forest  Bed  of  Norfolk 
being  now  in  course  of  revision  by  Mr.  E.  T.  Newton,  we  may  pass 
oyer  the  subject,  merely  observing  that  Trogontheriwn,  and  Arvicola 
amphibia,  noticed  as  *'  new  comers,"  have  been  found  in  the  Norwich 
Crag. 

In  what  the  author  terms  the  ''  Middle  Pleistocene  "  the  arctic 
mammalia  begin  to  appear — in  this  division  he  groups  the  beds  at 
Ilford,  Grays  Thurrock,  Erith,  and  Crayford.  Referring  to  the 
discoveries  of  flint-flakes  at  the  last-named  locality,  which  he  con- 
siders as  the  earliest  evidence  of  man  in  this  country,  he  observes 
that  the  strata  ''  are  very  interesting  from  the  possibility  that  they 
may  belong  to  a  time  before  the  gleicial  climate  had  set  in.*'  And 
he  mentions  a  superficial  deposit  at  Ilford  that  ''  bears  unmistak- 
able signs  of  having  been  accumulated  by  the  action  of  ice/'  This 
stratum,  however  (as  he  points  out),  was  termed  loess  by  Professor 
Prestwich,  and  "  trail "  by  Mr.  0.  Fisher,  and  is  a  deposit  very 
distinct  from  the  Chalky  Boulder-clay,  which  caps  the  heights  on  the 
north  of  the  Thames  Valley.  The  physical  structure  of  the  Thames 
Valley  indicates  that  the  deposits  in  it  may  be  newer  than  the 
Chalky  Boulder-clay  ;  but  there  is  no  positive  evidence. 

The  clearest  cases  of  man's  arrival  before  the  close  of  the  Glacial 
period  are  those  brought  forward  by  Mr.  Skertchly  ;  to  these  Prof. 
»  E.  T.  Xewton,  Geol.  Mao.  Dec.  II.  Vol.  VII.  p.  166. 
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Dawkins  devotes  but  little  space,  observing  in  a  foot-note,  that  "I 
feel  inclined  to  accept  the  evidence  brought  before  the  British 
Association  at  Sheffield,  in  1879,  founded  on  the  sections  at  High 
Lodge,  Culford,  Mildenhall,  West  Stow,  and  BroomhiU,  in  favour  of 
man  having  lived  in  East  Anglia  before  the  Upper  Boulder-clay  bad 
ceased  to  be  deposited."  It  is  unfortunate  that  Mr.  Skertchly  hai 
not  yet  published  the  detailed  accounts  of  his  discoveries,  a  &ci 
which  no  doubt  retards  the  acceptance  of  his  views. 

Prof.  Dawkins  is  unable  to  accept  the  evidence  for  the  existence 
of  fossil  man  in  interglacial  beds  in  Switzerland. 

We  need  not  dwell  upon  the  account  of  the  abundant  remains  of 
Palaeolithic  man  in  what  the  author  terms  late  Pleistocene  times,  in 
river-beds,  and  in  caves.  The  social  condition  of  the  people  and 
their  domestic  pursuits  are  the  subject  of  comment,  and  he  points 
out  distinctions  between  the  River-drift  man  and  the  Cave-man,  the 
latter  of  whom  he  regards  as  represented  by  the  Eskimos. 

We  have  now  reached  the  middle  of  the  book,  and  here  we  leave 
what  may  strictly  be  called  the  Geological  portion,  and  pass  into  the 
Arch»ological.  We  take  leave  of  Palseolithic  man,  and  are  introduced 
to  his  Neolithic  successor.  The  period  we  now  enter  upon  is  that 
called  the  Pre-historic,  and  which,  succeeding  the  Pleistocene,  carries 
us  on  to  the  Historic.  To  the  general  reader  this  will  prove  the  most 
interesting  portion  of  the  subject.  In  the  chapters  devoted  to  it  the 
physical  condition  of  Britain  and  the  manners  and  customs  of  its 
various  inhabitants  are  described.  Through  the  periods  of  polished 
stone,  bronze,  and  iron — from  the  incoming  of  Iberian  and  of  Celt  to 
that  of  Anglo-Saxon,  the  author  carries  his  readers,  pointing  out  the 
domestic  animals  and  the  plants  introduced,  and  dealing  with  many 
other  topics,  which  finally  lead  us  on  to  the  time  when  History  com- 
mences, and  to  the  conclusion  of  his  work.  Thus,  as  will  be  seen, 
the  work  contains  matter  that  will  interest  students  in  many  branches 
of  science  ;  and  the  careful  and  cautious  way  in  which  the  evidence 
of  man*s  early  occupation  of  Britain  has  been  set  forth,  will  com- 
mand the  respect  of  those  who  cannot  understand  the  doctrine  of 
his  great  age. 

In  summing  up  the  evidence  of  Man's  antiquity  we  find  we  have 
yet  much  to  learn.  No  steps  have  been  taken  to  indicate  the  time 
of  his  first  appearance,  nor  has  any  progress  been  made  in  indicating 
the  process  of  his  creation.  Prof.  Dawkins  remarks  that  the  earliest 
inhabitant  "  comes  before  us,  endowed  with  all  human  attributes, 
;  and  without  any  signs  of  a  closer  alliance  with  the  lower  animals 
J  than  is  presented  by  the  savages  of  to-day."  H.  B.  W. 


11. — Second  Gsoloqioal  Survey  of  Pennsylvakia. 

1.  Part  I.     The  Northern  Townships  of  Butler  County.    Part  II.    A 

Special  Survey  made  in  1875,  along  the  Beaver  and  Shenango 
Rivers.  With  four  Maps  and  154  Vertical  Sections.  By  H.  St 
Chance. 

2.  The  Geology  of  Lawrence  County.     A  Report  on  the  Correlation 

of  the  Coal-measures  in  Western   Pennsylvania  and  Eastern 
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Ohio.    By  J.  C.  Whit*.    With  Geological  Map  and  134  Vertical 

Sections. 
Second  Report  of  the  Progress  of  the  Laboratory  at  Harrisburg. 

By  A.  S.  MoCbkath.      (Harrisburg,  1879.) 
Atlas  to  the  Coal  Flora  of  Pennsylvania  and  of  the  Carboniferous 

Formation  throughout  the  United  States.     By  Leo  Lbsqukreux* 

Eighty-seven  Plates  with  Explanations.     (Harrisburg,  1879.) 
The  Permian  or  Upper  Carboniferous  Flora;  or  West  Virginia 

and  S.W.  Pennsylvania.     By  W.  M.  Fontaine,  M.A.,  and  J.  C. 

White,  A.M.     With  thirty-eight  Plates.     (Harrisburg,  1880.) 

IIHESE  volumes  form  a  continuation  of  a  series  of  reports  and 
L  papers  (now  about  thirty  in  number)  published  by  the  Board 
'  Commissioners  of  the  Second  Geological  Survey  of  Pennsylvania, 
ider  the  direction  of  J.  P.  Lesley  (State  Geologist)  and  an  efficient 
aff  of  assistant  geologists. 

No.  1.  This  volume  contains  the  results  of  certain  special  geolo- 
cal  surveys  made  by  Mr.  Chance  while  acting  as  assistant  to  Mr. 
&rll,  in  the  Baltic  County  Oil  Begion  in  1876,  and  also  of  the  more 
stematio  survey  of  the  fifteen  northern  townships  which  he  after- 
ards  q^ade  in  1878.  The  first  six  chapters  are  devoted  to  the 
Mieral  geology  of  the  district,  which  chiefly  consists  of  the 
irboniferous  Series,  including  the  Lower  Barren-measures,  and  the 
ower  Productive  Cosd-measures,  and  the  Beaver  Kiver  or  Conglome- 
.te  Series ;  the  surface  features  being  modified  by  anticlinal  and 
nclinal  folds  as  well  as  by  the  eflects  of  pre-glacial  and  glacial 
stion.  Chapters  6 — 10  give  the  detailed  geology  of  the  different 
wnships,  and  of  the  Oil-fields  of  Butler  County. 
No.  2.  In  this  report  Prof.  White  describes  the  geology  of 
awrence  (Ilounty,  the  rocks  of  which  belong  exclusively  to  the 
ml -measure  and  sub-Carboniferous  formations,  of  which  detailed 
ascriptions  are  given  in  chapters  2  and  3.  The  surface  features 
ive  been  moulded  by  glacial  action,  but  unlike  Butler  County  there 
an  absence  of  folds,  for  the  forces  which  uplifted  the  strata  to  the 
»uth-east  along  thd  Alleghanies  seem  to  have  expended  their 
jtivity  before  reaching  Lawrence.  Prof.  White .  attributes  the 
arked  difference  in  the  contour  of  the  northern  and  southern  halves 
'  the  county  with  the  distribution  of  the  drift.  During  the  Glacial 
K>ch  the  ice-sheet  moved  southwards,  ploughing  down  all  the 
)rthem  part  pretty  much  to  the  same  level,  forming  wide  level 
eas  on  the  summits  of  the  hills,  while  south  of  the  glacial  area 
>  such  planing  down  of  the  pre-glacial  hills  took  place,  and  thus 
lis  part  of  the  county  is  much  more  broken  and  rugged  than  the 
orthem. 

Appended  is  a  special  report  on  the  correlation  of  the  Coal- 
easnres  of  Western  Pennsylvania  and  Eastern  Ohio.  This  and  the 
receding  report  are  illustrated  with  geological  maps  and  numerous 
^rtical  sections,  and  are  supplemented  with  a  series  of  indexes 
ving  an  exhaustive  summary  of  the  contents  of  the  reports. 
No.  3.  The  Laboratory  repoii,  by  Mr.  A.  S.  McCreath,  contains  a 
ries  of  analyses  classified  to  some  extent  both  geologically  as  well 
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as  geographically,  of  coal,  coke,  iron  ores,  firebricks,  and  clays,  and 
miscellaneous  minerals,  which  must  form  a  very  useful  addition  in 
connexion  with  the  industrial  resources  of  the  county. 

No.  4.  This  volume  consists  of  eighty-seven  neatly  executed  plates 
illustrative  of  the  Coal  Flora  of  Pennsylvania,  by  Prof.  Leo 
Lesqiiereux ;  it  is  simply  an  atlas  with  explanations  of  the  fignres 
on  the  plates  and  some  references  to  previous  works,  but  without 
any  detailed  descriptions  of  the  species  or  of  their  localities. 

No.  5.  This  is  a  report  on  the  Permian  or  Upper  Carboniferous 
flora  of  West  Virginia  and  South-western  Pennsylvanie^  by  Profs. 
Fontaine  and  White,  which,  besides  a  detailed  description  of  the 
species  illustrated  by  thirty -eight  plates,  contains  a  sketch  of  the 
geology  of  the  Carboniferous  formation  of  Western  Virginia,  de- 
scribing, in  ascending  order,  the  lithological  and  other  characters  uf 
the  sub-divisions  of  the  Carboniferous  rocks,  the  Vespertine,  Umbral 
shale  and  Conglomerate  groups,  the  Lower  Productive  Coal- measures, 
Lower  Barren-measures,  Upper  Productive  Coal-measures  (contain- 
ing two  of  the  most  extensive  and  persistent  Coal-beds  of  the 
Appalachian  Coal-field),  and  Upper  Barren-measures,  with  notices 
of  their  respective  floras.  , 

The  authors  consider,  that  while  the  lower  six  groups  belong  to 
the  Carboniferous,  the  Upper  Barren -measures  should  be  referi-ed  to 
the  Permian  age,  from  the  study  of  the  plants  and  the  evidence 
derived  from  other  sources. 

The  flora  shows  a  marked  decadence  of  characteristic  Carboniferous 
forms.  Of  the  107  species  found  in  the  Upper  Barrens  of  West 
Virginia,  twenty-two  occur  in  the  Coal-measures  proper,  while 
twenty-eight  are  found  also  in  the  Permian  of  Europe.  Some 
appear  to  be  exclusively  or  at  least  characteristic  forms,  as  Callipteris 
conferta,  Alethopteris  gigaSt  and  Odontopieria  obtusiloba.  Many  of 
the  Pecopterids  and  Neuropterids  exhibit  Permian  features,  and  the 
Sphenopterids  differ  much  from  the  Carboniferous,  and  show  affinities 
with  Mesozoic  forms.  There  is  no  Lepidodendron,  and  only  one  or 
two  species  of  Sigillaria  and  Calamites.  The  evidence  of  important 
physical  change  at  the  beginning  of  the  series,  their  lithological 
character,  the  disappearance  of  coal,  and  the  diminution  of  the 
animal  and  plant  life,  further  substantiate  the  Permian  age  of  the  beds. 

Should  this  conclusion  be  correct,  it  will  have,  the  authoi*s  say,  **an 
important  bearing  on  the  history  of  the  changes  which  have  affected 
the  physical  geography  of  our  portion  of  the  North  American  con- 
tinent. Our  great  Appalachian  lie  volution  would  have  occurred  at 
the  close  of  the  Permian  period,  and  instead  of  standing  almost 
alone,  would  be  in  harmony  with  those  mighty  changes  which  else- 
where operated  at  the  close  of  the  Permian  to  extinguish  the  forms 
of  Pala30zoic  life."  J.  M. 

III. — The  Geological  Eecobd. 

IN  the  early   part  of  the   present  year  we  received  the  fourth 
volume  of  the  Geological  Record,  being  an  account  of  the  works 
on  Geology,  Mineralogy,  and  Palaaontology,  published  during  the  year 
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B77,  with  supplements  for  1874 — 76.  The  volume  maintains  the 
igh  character  of  those  precedimg  it  for  fullness,  accuracy  and  method, 
id  it  is  not  too  much  to  say  that  geologists  owe  a  large  debt  of 
-atitude  to  its  painstaking  editor  Mr.  Whitaker,  and  to  its  several 
lb-editors  and  contributors.  Such  recognition,  moreover,  is 
tpecially  due  when  we  remember  that  the  work,  which  must  in  its 
reparation  often  prove  irksome  and  uninteresting,  is  undertaken  by 
isy  men  who  devote  to  it  their  leisure  hours  and  private  time 
ithout  any  remuneration  whatever.  There  is  no  need  to  testify  to 
le  value  of  the  work.  Whoever  attempts  to  keep  up  with  the 
regress  of  the  science,  cannot  do  so  by  any  individual  effort,  while 
» the  specialist  the  labour  that  the  Geological  Record  ought  to  save 
lUst  be  very  great.  We  sa}*  ought  to  save,  because,  owing  to  the 
icreasing  delay  in  the  publication  of  the  work,  we  question  whether 
can  fulfil  many  of  the  requirements  of  those  actually  engaged  in 
irticular  researches.  This  delay  must  greatly  interfere  with  its 
resent  value.  It  is  true  that  as  a  work  of  reference  each  voluiue 
ill  from  year  to  year  become  more  valuable,  but  those  who  sub- 
$ribe  are  apt  to  look  upon  it  in  a  personally  utilitarian  point  of 
iew.  Great  difficulty  arises,  as  we  are  told  by  the  editor,  from  the 
apossibility  of  notiug  many  publications  until  long  after  they  have 
speared,  and  this  remark  no  doubt  refers  especially  to  the  foreign 
iiblications.  Such  difficulties  and  delays  require  that  the  plan  of 
le  Geological  Record  should  be  in  some  way  altered  to  allow  of  a 
lore  speedy  issue  of  the  annual  volume  than  has  at  present  been 
»und  practicable.  The  volume  for  1679  ought  now  to  be  in  the 
inds  of  subscribers. 

It  has  been  suggested  that  as  soon  as  sufficient  material  has  been 
cumulated,  a  volume  might  be  published,  irrespective  of  the  date 
■  publication  of  the  works.  This  plan,  however,  would  not  only 
itail  more  labour  on  the  editor  and  suhscribers,  but  be  productive 
'  some  confusion.  The  simplest  plan,  it  seems  to  us,  would  be  to 
rint  merely  the  titles  of  foreign  papers.  Then  probably  it  would 
3t  be  difficult  to  largely  increase  the  number  of  contributors,  who 
id  only  to  send  in  a  list  of  titles  from  time  to  time.  Short  abstracts 
'  all  works  published  in  Britain  might  still  appear.  By  some  such 
teration  in  plan,  it  is  to  be  hoped  that  the  Geological  Record  may 
)  enabled  to  continue,  and  to  increase  the  sphere  of  usefulness  that 
has  so  well  commenced,  and  by  which  it  has  so  much  assisted  in 
e  advancement  of  Science. 


Geological  Society  op  London. 

June  23,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the 
lair. — The  following  communications  were  read  : — 
1.  "On  the  Skull  of  an  Ichthyosaurus  from  the  Lias  of  Whitby, 
jparently  indicuting  a  new  species  (/.  Zetlandicus^  Seeley),  preserved 
the  Woodwardiun  Museum  of  the  XJniversitv  of  Cambridge."  By 
•of.  H.  G.  Seeley,  F.R.8.,  F.G.S. 
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In  this  paper  a  very  fine  skull  of  Ichthyosaurus  was  described  in 
detail.  From  the  broad  triangular  form  of  the  skull  and  the  graft 
distance  between  the  orbits,  the  author  is  led  to  regard  it  as  belonging 
to  a  species  distinct  from  any  that  have  hitherto  been  described.  Ai 
it  was  presented  to  the  Woodwnrdian  Museum  by  the  Earl  of  Zetland^ 
he  proposed  to  name  it  Ichthyosaurus  Zetlandicus, 

2.  "  ]N'ote  on  the  Cranial  Characters  of  a  large  Teleosaur  from  tbe 
Whitby  Lias,  preserved  in  the  Woodwardian  Museum  of  the  XTniversi^ 
of  Cambridge."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.O.S. 

The  author  described  a  somewhat  fragmentary  cranium  from  the 
Whitby  Lias,  which  has  been  sawn  through  along  the  median  line 
so  as  to  expose  the  brain-cavity.  From  the  characters  thus  revealed 
he  is  led  to  infer  that  the  resemblance  of  the  Teleosaurs  to  the  existing 
Crocodilia  has  been  somewhat  too  strongly  insisted  upon.  From  the 
peculiarities  of  the  prootic  bone,  of  the  tympanic  region,  and  tbe 
general  shape  of  the  brain-case,  the  author  is  led  to  regard  the 
fragment  as  indicating  a  new  species,  for  which  he  proposes  the  name 
of  Teleosaurus  eucephalus. 

3.  '*  On  the  Discovery  of  the  Place  where  Paleolithic  Implements 
-were  made  at  Crayford.*'     By  F.  C.  J.  Spurrell,  Esq.,  F.G.S. 

The  Brickcarths  of  Crayford  lie  in  a  channel  excavated  from  tbe 
Thanet  Sand  and  subjacent  Chalk.  The  flakes  here  described  were 
found  below  the  level  of  the  top  of  the  Chalk,  on  a  sort  of  slope  of 
sand.  They  form  a  layer,  about  10  feet  from  N.  to  S.,  and  15  feet 
(perhaps  more)  from  E.  to  W.,  which  is  at  one  end  36  feet,  at  another 
about  42  feet,  below  the  present  surface.  The  flakes  lay  touching 
each  other,  the  larger  sometimes  being  several  inches  thick ;  they  are 
new  and  clean,  though  sometimes  studded  with  calcareous  concretions. 
Some  were  broken  across,  evidently  before  being  covered.  The  author 
had  been  enabled  to  piece  many  together,  and  show  that  the  manu- 
facture of  baches  was  the  purpose  for  which  they  were  fractured. 
Also  he  had  found  two  pieces  of  a  hache.  Fragments  of  bone  were 
found  associated  with  the  flints ;  among  them  was  part  of  the  lower 
jaw  of  Rhinoceros  tichorhinu9.  The  author  regards  these  Brickearths 
as  slightly  newer  than  the  Dartford  gravel,  which  here  caps  the  Thanet 
Sand,  and  in  which  flint  implements  have  aUo  been  found. 

4.  "  The  Geology  of  Central  Wales."  By  Widter  Keeping,  Esq., 
M.A.,  F.G.S.  With  an  Appendix  by  C.  Lap  worth,  Esq.,  F.G.S.,  on 
a  new  species  of  Cladophora, 

The  district  described  by  the  author  is  much  contorted  and  dis- 
turbed, and  offers  great  difficulties.  The  following  classification  of 
its  deposits  is  proposed  in  descending  order: — (3)  The  Piynlimmon 
Grits;  (2)  The  Metalliferous  Slates;  (1)  The  Aberystwith  Grits. 
(1)  consists  of  dark  grey  grits  and  imperfectly  cleaved  slates  ;  they  are 
not  very  fossiliferous,  Graptolites  being  most  abundant.  (2)  A  more 
argillaceous  series  of  pale  blue  and  grey  colour,  much  folded.  This 
series,  near  the  Devil's  Bridge,  appears  of  extraordinary  thickness; 
but  the  author  believes  that  this  is  due  to  a  great  inversion  or,  rather, 
to  a  series  of  inversion-folds.  Above  this  is  (3)  the  Piynlimmon  group. 
The  area  occupied  by,  and  general  characteristics  of  these  groups  were 
described  in  detail.     Fossil  evidence  enables  the  author  to  correlate 
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beds  and  constitute  an  order  of  succession  in  a  considerable  number  of 
the  sections.  All  three  divisions,  howerer,  may  be  regarded  as  com- 
posing one  great  group,  forming  a  great  primary  synclinal,  with  sub- 
ordinate anticlinal  folds  along  N.  and  S.  lines.  The  relation  of  these 
beds  to  the  Denbighshire  Grits  and  Tarannon  Shales  has  been  in- 
Testigated  in  neighbouring  districts.  The  author  regards  the  Plyn- 
limmon  Grits  as  representing  a  special  gritty  development  in  the 
Tarannon  Shales,  and  so  above  the  Llandovery  Grits.  The  Metalli- 
ferous Slates  and  the  Aberystwith  Grits,  an  arenaceous  development 
of  their  lower  parts,  represent  the  Llandovery  group  of  the  Survey, 
probably  the  Upper  and  a  part  of  the  Lower  Llandovery.  There  does 
not  appear  to  be  any  evidence  of  a  break  in  this  district  between  the 
Upper  and  Lower  Silurian.  This  is  confirmed  by  palseontological 
evidence,  and  in  the  study  of  the  Gitiptolites  the  author  has  been 
assisted  by  Mr.  Lapworth.  These  show  that  the  Mid- Wales  beds  are 
on  the  horizon  of  the  Upper  Birkhill  group  of  Scotland,  and  of  the 
Coniston  Mud-stones  of  the  Lake-district.  A  table  of  fossils  was 
appended  to  the  paper,  with  a  description  of  some  new  forms.  The 
Appendix,  by  0.  Lapworth,  Esq.,  described  a  new  species  of 
Cladophora, 

5.  **0u  new  Erian  (Devonian)  Plants."  By  J.  W.  Dawson,  LL.D., 
F.R.8.,  F.G.S. 

The  paper  first  referred  to  recent  publications  bearing  on  the  Erian 
(Devonian)  flora  of  N.E.  America,  and  then  proceeded  to  describe  new 
species  from  New  York  and  New  Brunswick,  and  to  notice  others  from 
Queensland,  Australia,  and  Scotland. 

The  first  and  most  interesting  is  a  small  Tree-fern,  Aateropteria 
novehoraeenm,  characterized  by  an  axial  cylinder  composed  of  radiating 
vertical  plates  of  scalariform  tissue,  imbedded  in  parenchyma,  and 
surrounded  by  an  outer  cylinder  penetrated  with  leaf-bundles  with 
dumbbell-shaped  vascular  centres.  The  specimen  was  collected  by  Mr. 
B.  Wright,  in  the  Upper  Devonian  of  New  York. 

Another  new  fern  from  New  York  is  a  species  of  Equisetites  {E, 
Wrigktianum\  showing  a  hairy  or  bristly  surface,  and  sheaths  of  about 
twelve,  short,  acuminate  leaves. 

A  new  and  peculiar  form  of  wood,  obtained  by  Prof.  Clarke,  of 
Amherst  College,  Massachusetts,  from  the  Devonian  of  New  York, 
was  described  under  the  name  Celluloxyhn  primavum.  It  presents 
some  analogies  with  Prototaxites  and  with  Aphyllum  paradoxum  of 
Unger. 

Several  new  ferns  were  described  from  the  well-known  Middle 
Devonian  plant-beds  of  St.  John's,  New  Brunswick;  and  new  facts 
were  mentioned  as  confirmatory  of  the  age  assigned  to  these  beds,  as 
showing  the  harmony  of  their  flora  with  that  of  the  Blrian  of  New 
York,  and  as  illustrating  the  fact  that  the  flora  of  the  Middle  and 
Upper  Devonian  was  eminently  distinguished  by  the  number  and  variety 
of  its  species  of  ferns,  both  herbaceous  and  arborescent.  It  will  pro- 
bably be  found  eventually  that  in  ferns,  equisetaceous  plants,  and 
conifers,  the  Devonian  was  relatively  richer  than  the  Carboniferous. 

Reference  was  also  made  to  a  seed  of  the  genus  ^theotenta  of 
Charles  Brongniart^  found  by  the  Be  v.   T.  Broun  in  the   Old  Bed 
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Sandstone  of  Perthshire,  Scotland,  and  to  a  species  of  the  geniu 
Dicranophtfllum  of  Grand*-Eury,  discovered  by  Mr.  J.  L.  Jack,  F.Q.S., 
in  the  Devonian  of  Queenshind. 

In  all,  this  paper  added  six  or  seven  new  types  to  the  flora  of  the 
Brian  period.  Several  of  them  belong  to  generic  forms  not  previously 
traced  further  back  than  the  Carboniferous. 

The  author  uses  the  term  **  Erian  "  for  that  great  system  of  for- 
mations intervening  in  America  between  the  Upper  Silurian  and  the 
Lower  Carboniferous,  and  which,  in  the  present  uncertainty  as  to 
formations  of  this  age  in  Great  Britain,  should  be  regarded  as  the  type 
of  the  formations  of  the  period.  It  is  the  ''Erie  Division*'  of  the 
original  Survey  of  New  York,  and  is  spread  around  the  shores  of  Lake 
Erie,  and  to  a  great  distance  to  the  southward. 

6.  ''On  the  Terminations  of  some  Ammonites  from  the  Inferior 
Oolite  of  Dorset  and  Somerset.''  By  James  Buckman,  Esq.,  E.G.S., 
F.L.S. 

The  author  referred  to  the  figures  given  by  D'Orbigny  of  Jurassic 
Ammonites  having  the  mouth-termination  perfect,  and  proceeded  to 
describe  the  characters  presented  by  complete  specimens  obtained  by 
him  from  the  Inferior  Oolite  of  Dorsetshire  and  Somei-setshire.  He 
enumerated  14  species,  which  he  classified  as  follows,  in  accordance 
with  the  nature  of  the  terminations: — 1.  Termination  lanceolate, 
i,e,  with  a  lance-shaped  process  on  each  side  of  the  mouth  {^A,  eon- 
cavus,  suhradiaius,  Jiduardianui);  2.  Ovato-lanceolate  or  spathulate, 
i.e.  with  a  spathulate  process  on  each  side  of  the  mouth  {A.  Braiken- 
rtdgtif  Imguiferus^  Sauzii,  Martinsii,  subeostatus) ;  3  Delphinuiate 
"  side  view  like  that  of  the  classic  dolphin  "  (A.  Gervillii) ;  4.  Semi- 
circular {A,  Brongniarti,  Manselit,  Humphrmanut)  \  6.  Waved 
(-4.  Mooreif  boscensis). 

7.  '*  Faroe  Islands.  Notes  upon  the  Coal  found  at  Suderoe." 
By  Arthur  A.  Stokes,  Esq.,  F.G.8. 

The  coal  in  this  district  is  associated  with  shales,  and  these  are 
interbedded  with  sheets  of  basalt  and  dolerite.  It  is  worked  after  a 
primitive  fashion  by  the  natives.  Some  of  the  seams  are  more  than 
half  a  yard  thick.  There  are  two  varieties  of  the  coal  or,  rather, 
lignite,  containing  respectively  61  7  and  68*2  per  cent,  of  carbon. 
The  author  gave  details  of  sections  and  other  matters  connected 
with  the  coal-bearing  area,  and  various  notes  upon  the  geology  of 
the  district. 

8.  **  On  some  new  Cretaceous  Comatula,**  By  P.  Herbert 
Carpenter,  Esq.,  M.A.  Communicated  by  Prof.  P.  Martin  Duncan, 
M.B.,  P.li.S.,  P.G.S. 

In  this  paper  the  author  described  five  new  species  of  Antedon  from 
British  Cretaceous  deposits,  two  of  them  in  the  possession  of  the  Kev. 
P.  lirodie,  the  rest  in  the  collection  of  the  British  Museum.  The 
species  are:  Antedon  perforata  and  A,  Zundgreni,  from  the  Upper 
Chalk,  Margate;  A,  etriatay  from  the  Upper  Chalk,  Dover;  A. 
laticirray  from  the  Chalk  of  Wylye,  Wiltshire;  and  A,  incur va,  from 
the  Upper  Greensand,  Blackdown.  The  author  further  gave  a  tahular 
key  to  the  known  English  Cretaceous  species  of  Antedon,  and  in 
i«f«rred  to  certain  peculiarities  in  Ihe  structure  of  these 
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fossilfl,  apparently  subseiyient  to  the  circulation  of  water  in  their 
iuterior. 

9.  "On  the  Old  Red  Sandstone  of  the  North  of  Ireland."  By 
F.  Nolan,  Esq.,  M.R.I. A.  Communicated  by  Prof.  Hull,  LL.D., 
F.R.S.,  F.G.S. 

The  rock  classed  on  maps  of  the  north  of  Ireland  as  Old  Red 
Sandstone  is  of  two  kinds,  the  lower  and  larger  portion  chiefly  con- 
glomerate of  felstone.  schist,  grit,  passing  into  sandstones,  cut  off  by 
a  fault  on  N.  and  N.W.  from  metamorphic  rocks,  and  resting  near 
Pomeroy,  in  the  N.E.,  on  fossiliferous  Lower-Silurian.  Associated 
with  these  are  sheets  of  lava,  probably  submarine,  from  which  the 
above  felstone-pebbles  have  been  derived  ;  these  are  porphyrite.  Near 
Recarson,  also,  are  vesicular  melaphyres,  whether  contemporaneous 
or  intrusive  is  doubtful.  There  is  also  an  intrusive  granite,  which 
alters  the  sandstones  into  quartzites,  and  is  prior  to  the  upper  series 
now  generally  held  to  be  basement  conglomerate  of  the  Carboniferous. 
This,  formerly  coloured  as  Old  Red  Sandstone,  is  unconformable  with 
the'other,  which  it  much  resembles.  The  lower  conglomerates  have 
been  considered  Lower  Old  Red  Sandstone ;  the  author  showed  thut 
these  bear  great  resemblance  to  parts  of  the  Dingle  series  of  the 
South  of  Ireland.  In  the  North  of  Ireland  the  upper  conj^lomeratos 
are  succeeded  by  sandstones,  and  these  by  Carboniferous  Limestone. 
The  author  regards  the  upper  conglomerates  as  representing;  the  Upper 
Old  Red  Sandstone  of  Water  ford  (the  Kiltorcan  beds  of  the  south  not 
being  identiflablo  in  the  north) ;  and  the  overlying  sandstones  as  the 
equivalents  of  the  Carboniferous  shale  and  Coomhola  grit,  and,  in 
Scotland,  of  the  Calciferous  Sandstone. 

10.  "  A  Review  of  the  Family  Yincularidae,  Recent  and  Fossil,  for 
the  Purpose  of  Classification."  By  G.  H.  Vine,  Esq.  Communicated 
by  Prof.  P.  M.  Duncan,  M.B.,  F.R.S.,  F.G.S. 

The  author  examined  in  detail  the  insufficient  description  of  the 
genus  Vincularia  by  its  founder  Defrance,  and  the  manner  in  which 
it  has  been  employed  by  subsequent  authors.  He  concluded  that 
the  different  forms,  ranging  from  the  Carboniferous  to  the  present 
day,  which  have  been  included  in  the  genus,  present  no  such  features 
in  common  as  would  justify  the  retention  of  the  generic  or  family  name. 

11.  **  On  the  Zones  of  Marine  Fossils  in  the  Calciferous  Sandstone 
Series  of  Fife.'*  By  James  W.  Kirkby,  Esq.  Communicated  by 
Prof.  T.  Rupert  Jones.  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  the  marine  beds  that  he  has 
met  with  in  the  Calciferous  Sandstones  of  the  east  of  Fife,  and 
traced  the  sequence  of  over  4000  feet  of  beds,  probably  all  belon<;ing 
to  the  **  Cement-stone  group.*'  In  the  section  from  the  west  of 
Pittenween  to  Anstruther  he  recognized  eighteen  zones,  which  he 
characterized  by  their  contained  fossils ;  in  the  section  at  Randerstoue 
he  distinguished  eleven  limestone  beds;  and  he  compared  and,  as  far 
as  possible,  correlated  the  two  series  of  deposits.  Full  lists  of  fossils 
were  given,  and  the  author  further  specially  discussed  the  characters 
and  distribution  of  the  more  important  species. 

12.  "  The  Glaciation  of  the  Orkney  Islands."  By  B.  N.  Peach, 
Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.G.S. 
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In  this  paper,  which  forms  a  sequel  to  their  description  of  the 
Glaciation  of  the  Shetland  Isles,  the  authors,  after  sketching  the  geo- 
logical structure  of  Orkney,  proceeded  to  discuss  the  glacial  pheno- 
mena. From  an  examination  of  the  various  striated  surfaces,  they 
inferred  that  the  ice  which  glaciated  Orkney  must  have  crossed  the 
islands  in  a  north-westerly  direction,  from  the  North  8ca  to  the 
Atlantic.  They  showed  that  the  dispers^il  of  the  stones  in  the  Boulder- 
clay  completely  substantiates  this  conclusion ;  for  in  Westray  this 
deposit  contains  blocks  of  red  sandstone  derived  from  the  island  of 
£da,  while  in  Shapincha  blocks  of  slaggy  diabase,  occurring  in  iitu 
on  the  south-east  shore,  are  found  in  the  Boulder-clay  of  the  north- 
west of  the  island.  Again,  on  the  mainland,  blocks  of  the  coarse 
siliceous  sandstones  which  cross  the  island  from  Inganess  to  Orplin 
are  met  with  in  the  Boulder-clay  between  Honton  Head  and  the 
Loch  of  Slennis. 

Moreover,  they  discovered  in  the  Boulder-clay  the  following 
rocks,  which  are  foreign  to  the  island: — chalk,  chalk-flints,  oolitic 
limestone,  oolitic  breccia,  dark  limestone  of  Calciferous-sandstone 
age,  quartzites,  gneiss,  etc.,  some  of  which  closely  resemble  the 
representatives  of  these  formations  on  the  east  of  Scotland,  and  have 
doubtless  been  derived  from  thence.  From  this  they  infer  that, 
while  Shetland  was  glaciated  by  the  Scandinavian  mer  de  glac$^ 
Orkney  was  glaciated  by  the  Scotch  ice-sheet,  the  respective  ice- 
sheets  having  coalesced  on  the  floor  of  the  North  Sea  and  moved  in  a 
north-westerly  direction  towards  the  Atlantic. 

They  also  found  abundant  fragments  of  marine  shells  in  most  of 
the  Boulder-clay  sections,  which  are  smoothed  and  striated  precisely 
like  the  stones  in  that  deposit.  They  conclude  that  these  organisms 
lived  in  the  North  Sea  prior  to  the  great  extension  of  the  ice,  and 
that  their  remains  were  commingled  with  the  moraine  profond$  as 
the  ice-sheet  crept  over  the  ocean-bed.  From  the  marked  absence  of 
shell-fragments  in  the  Shetland  Boulder-clay,  they  are  inclined  to 
believe  that  much  of  the  present  sea-floor  round  that  group  of  islands 
formed  dry  land  during  the  climax  of  glacial  cold. 


DR.    CROLL'S    ECCENTRICITY   THEORY. 

Sir, — My  letter  in  your  March  Number  has  not  elicited  any 
explanation  from  Dr.  CroU,  but  has  one  from  Mr.  Wallace ;  in  reply  ' 
to  whom  I  would  observe  that  Mr.  Croll  not  only  admits  that  the 
eccentricity  would  be  inoperative  on  climate  but  for  its  causing  a 
diversion  of  the  ocean  currents,  but  he  endeavours  in  great  detail  to 
show  that  the  most  important  of  all  these  currents,  and  the  one  on 
which  the  difference  between  the  climates  of  Western  Europe  and 
Eastern  North  America  depends,  the  Gulf  Stream,  was  totally 
diverted  and  turned  southwards  along  the  coast  of  South  America  so 
as  not  to  enter  the  North  Atlantic  at  all. 

The  modification  of  Mr.  Croirs  theory  which  Mr.  Wallace  now 
offers  we  shall  be  better  able  to  understand  when  his  book  appears ; 
but  to  speak  of  the  influence  of  the  Polar  extension  of  North 
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America  on  its  climate  is  only  to  express  in  another  form  the 
influence  produced  by  the  currents,  for  it  is  simply  because  of  this 
extension  that  the  Gulf  Stream  does  not  reach  the  eastern  shore  of 
that  part  of  America  to  which  the  comparison  with  Europe  applies 
until  it  has  passed  through  the  refrigerator  of  the  Polar  Basin,  and 
issued  therefrom  as  the  Polar,  or  Labrador  current  Land  not  lofty, 
such  as  is  most  of  that  which  forms  the  Polar  extension  of  North 
America,  has  of  itself  no  more  refrigerating  effect  than  sea  which 
ameliorates  climate  only  when  warmed  by  equatorial  currents,  as  the 
oonditiou  of  the  great  Antarctic  expanse  of  ocean  sufficiently  proves. 
I  venture  indeed  to  think  that  it  has  less  so.  Before  Mr.  Wallace 
can  appeal  to  any  ameliorating  influence  exerted  on  the  climate  of 
Europe  by  the  Mediterranean  (an  influence  to  which  the  isothermals 
lend  no  countenance)  as  contrasted  with  America,  he  should  show 
that  the  valley  of  the  Mississippi  was  not  submerged  during  the 
Glacial  period.  Some  American  geologists,  as  e»g.  Dr.  Newberry, 
insist  that  it  was ;  and  if  so,  not  only  would  those  conditions,  on  the 
absence  of  which  Mr.  Wallace  relies,  be  present,  but  their  influence 
be  more  considerable  than  any  produced  by  the  Mediterranean, 
because  the  water  of  the  Gulf  of  Mexico,  of  which  such  sub- 
mergence would  form  an  extension,  is  hotter  than  that  of  the 
Mediterranean. 

In  testing  Mr.  CroU's  theory,  however,  we  may  confine  ourselves 
to  North  America  alone.  Owing  to  the  Gulf  Stream  leaving  the 
eastern  shore  where  these  differences  begin,  and  to  the  Labrador 
current  hugging  it  down  to  that  point,  while  the  western  shore  is 
throughout  washed  by  the  warm  water  of  the  Pacific,  the  climate 
north  of  the  40th  parallel  presents  on  the  eastern  and  western  coasts 
contrasts  similar  to,  though  not  quite  so  great  as  those  which  obtain 
between  the  West  of  Europe  and  East  of  America.  Now  the 
glaciation  on  the  eastern  and  western  sides  of  America  follows  these 
existing  differences  of  mean  temperature  just  as  it  does  in  the  case 
of  Western  Europe  and  Eastern  America.  Turn  where  we  will, 
both  in  the  northern  and  southern  hemispheres,  the  climate  of  the 
Glacial  period  appears  to  have  been  an  uniform  diminution  of  mean 
temperatures  as  they  now  exist  by  virtue  of  geographical  conditions 
and  ocean  currents ;  and  it  is  this  which  in  my  mind  points  so  strongly 
to  that  period  having  resulted  from  a  cosmical  cause  wholly  uncon- 
nected with  these  conditions,  that  is  to  say,  to  a  diminution  in  the 
heat-emitting  power  of  the  sun.  Searlbs  V.  Wood,  Jun. 

July  9M,  1880. 

P.S.  — In  my  first  letter  I  should  have  instead  of  "  winter  cold," 
said  mean  temperature,  as  it  is  this  which  regulates  glaciation. 


GLACIAL  AND  POST-GLACIAL. 

Sib, — In  answer  to  the  geological  questions  set  by  my  friend  Mr. 
Dalton  in  the  July  Number  of  this  Magazine,  I  would  remark  that 
I  know  nothing  in  the  brief  notice  of  his  "  Geology  of  Colchester  " 
that  can  be  gainsaid.  The  statement  that  the  BisoUj  Elejphas  antiquus, 
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E,  primigenifis,  etc,  are  forms  "  so  distinct  from  tbose  which  ii« 
known  to  have  inhabited  this  country  in  Post-Glacial  times,**  re- 
quires no  modification :  it  is  a  fact.     Nevertheless  as  mj  remarks 
were  made  in  the  hope  of  eliciting  some  discussion.  I  will,  with  your 
consent,  try  to  pass  Mr.  Dalton's  examination.     Thus  the  remarks 
on  the  term  "  Post-Glacial "  were  intended  as  a  protest  against  the 
use,  tctthout  explanation,    of  such  a  definite  classification  to  beds 
whose  age  has  been  a  matter  of  controversy ;  and  when  (as  regards 
the  district  described)  precision  is  not  possible  in  the  present  state 
of  the  evidence.     I  use  the  terms  Glacial  and  Post-Glacial  in  the 
same  sense  as  the  term  Carboniferous  is  used,  to  mark  periods  of 
time,  no  matter  what  deposits  took  place,  or  what  fluctuations  of 
,  climate  occurred.     I  hold  that  the  Glacial  period  in  Britain  may 
very  conveniently  be  regarded  as  synonymous  with  the  Pleistocene 
■^and  Palaeolithic  age ;  deposits  with  Palaeolithic  implements  (Brandon 
i'^^Beds)  having  been  discovered  to  be  of  strictly  Glacial  age,  and  such 
implements   (where  found  in  mammaliferous   deposits)    having  as 
associates  the  group  of  animals  in  question.     The  passing  away  of 
the  Glacial  conditions  in  Britain  allowed  of  the  incoming  of  the 
present  fauna.     It  might,  of  course,  be  said  that  as  land-ice  is  now 
met  with  in  the  polar  regions,  we  are  still  living  in  the  Glacial 
period ;  with  equal  propriety  might  it  be  said  that  we  are  still  living 
in  the  Pliocene  or  in  the  Cretaceous  period,  but  there  would  be  no 
limit  to  such  diversions.     We  can  no  more  expect  to  correlate  our 
local  divisions  with  those  in  other  parts  of  the  world,  than  we  can 
make  the  reigns  of  our  sovereigns  correspond  with  those  of  rulers  in 
other  countries.     The  following  classification  seems  best  to  meet  the 
requirements  of  the  case,  the  Pliocene  beds  being  inserted  in  order 
to  show  their  relations : — 

P  i  Historic 

KECENT.  {  Xeolithic  and  Prehistoric. 

l*LEiRTOCENB.         Pola'clithic  and  Glacial. 

!T'         p  (  Forest  Bed  Series  and  Bure  Vallev  Beds, 

upper  urag.     |  Xor^ich  and  Red  Crags. 
Ix)wer  Crag.        Coralline  Crag. 

Heath  Villa,  Fakenham, 

July  Zrdf  1880.  HoKACK  B.  WoODWABD. 


British  Museum  (Natural  History). — It  will  interest  the  scientific 
public  to  learn  that  the  removal  of  the  Natural  History  portion  of 
the  British  Museum  Collections  to  the  new  building  prepared  for 
their  reception  (on  the  site  of  the  old  1862  Exhibition),  in  Cromwell 
Road,  has  actually  commenced.  The  whole  of  the  Mineralogical, 
and  a  portion  of  the  Geological  Galleries  are  closed  to  the  public, 
and  the  collections  are  being  steadily  transferred.  Mr.  Lazarus 
Fletcher,  M.A.,  F.G.S.,  has  been  appointed  Keeper  of  Mineralogy, 
vice  Professor  N.  S.  Maskelyne,  F.R.S.,  M.P.,  resigned.  Dr.  Henry 
Woodward,  F.R.S.,  has  been  appointed  Keeper  of  Geology,  vice 
Q.  R.  Waterhouse,  Esq.,  resigned. 
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L — Oceans  and  Continents, 

By  T.  Mbllabd  Rbade,  C.E.,   F.G.S.,  etc. 

IN  opposition  to  the  views  enunciated  by  Lyell  and  the  older 
geologists,  and  until  now  generally  accepted  by  those  who  have 
made  physical  geology  a  study,  an  opinion  is  gaining  ground  that 
''generally  speaking  the  great  continents  and  great  ocean  basins 
have  occupied  their  present  positions  through  all  geological  time ; " 
that  they  are,  though  subject  to  oscillations  of  level,  permanent 
depressions  and  elevations  produced  by  the  gradual  diminution  ot* 
the  earth's  diameter  through  loss  of  heat  and  consequent  sinking  in  / 
of  the  rigid  crust  ^ 

So  far  as  I  can  learn,  Dana  appears  to  have  originated  the  idea 
that  the  continents  have  been  built  up  around  portions  of  the  crust 
of  the  earth  that  have  first  hardened — a  sort  of  process  of  evolution  ; 
but  whether  he  accepts  the  rigid  position  that  the  sites  of  the  great 
continents  and  oceans  are,  within  certain  limits,  unalterable,  is  not  so 
clear.  Mr.  A.  R.  Wallace  is  the  great  champion  of  this  latter  idea, 
though  his  explanation  of  the  mutations  of  the  position  of  land  and 
sea,  as  explained  in  his  **  Geographical  Distribution  of  Animals,"  and 
incidentally  in  "  Australasia,"  and  other  writings,  seems  to  overstep 
the  bounds  of  his  theory.  Mr.  Murray,  of  the  Challenger^  seems  also 
during  his  voyage  to  have  been  deeply  impressed  with  the  per- 
manence of  the  abyssal  depressions  of  the  oceans,  and  I  believe  holds 
the  opinion  that  the  continents  have  occupied  their  present  positions 
through  all  geological  time,  excepting  as  having  developed  in  size, 
somewhat  in  the  manner  suggested  by  Dana  and  Le  Conte.*  In  a 
late  number  of  "Nature,**  without  committing  himself  to  any  of 
the  views  just  enumerated,  Mr.  Moseley,  F.R.S.,  says  that  there  wore 
no  signs  of  submerged  continents  discovered  by  the  soundings  and 
dredgings  of  the  Challenger,  Dr.  W.  B.  Carpenter,  in  the  "  Nine-  » 
teeuth  Century,*.*  has  also  written  in  favour  of  these  new  views  of 
the  general  permanence  of  the  present  main  features  of  the  continents  / 
and  oceans.  Professor  Alex.  Agassiz,  in  **  Nature,**  called  attention  j 
lately  to  the  fact  that  his  distinguished  father  was  one  of  the  first  to  j 
propound  the  view  that  the  ocean  basins  are  of  great  antiquity.  • 

*  For  some  of  Mr.  Murray's  riews  on  the  subject  see  a  paper  by  him  "  On  the 
Stnictare  and  Origin  of  Coral  ReefiB  and  Islands,'*  Pro€,  Roy.  Soc.  of  Edin,  April, 
1880,  published  in  abstract  since  the  abore  was  penned. 
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My  first  difficulty  in  regard  to  accepting  these  views  arises  from 
the  '*  general "  or  undefined  nature  of  the  statements,  which  are  put 
forward  in  a  very  crude  form.  The  arguments  relied  on  in  favour 
of  the  fixity  of  continents  and  oceans  are  far  from  convincing,  as  I 
know  of  none,  either  general  or  particular,  that  cannot  to  my  mind 
be  as  satisfactorily  answered  on  the  older  hypothesis,  that  the  land 
and  water  have  in  the  world's  history  interchanged  places  so  that 
at  one  time  or  another  every  part  of  the  ocean-bottom  may  have 
been  land. 

Still  further,  in  attempting  to  follow  out  the  sequence  of  events  by 
which  oscillations  of  land  and  sea  in  a  limited  area  could  account  for 
all  those  enormous  and  successive  stratified  marine  deposits  almost 
everywhere  to  be  found  on  every  continent,  nay  even  on  islands 
such  as  New  Zealand,  the  mind  actually  fails  to  grasp  what  could 
have  been  the  formative  process. 

All  are  agreed  that  subaerial  waste  of  land  is  the  main  source  of 
the  detritus  of  which  the  rocks,  of  what  on  upheaval  become  other 
lands,  are  built 

It  follows  that  where  the  marine  deposits  were  going  on, 
equivalent  land  must  have  existed  elsewhere.  Now  the  more  we 
limit  the  area  of  oscillation  of  land  and  sea,  the  more  difficult  the 
explanation  of  the  phenomena  of  geology  becomes.  Professor 
Archibald  Geikie,  F.R.S.,*  states,  in  **  Greographical  Evolution  " : — 
'•When  the  curtain  of  darkness  begins  to  rise  from  our  primeval 
Europe,  it  reveals  to  us  a  scene  marvellously  unlike  the  existing 
continent.  The  land  then  lay  chiefly  to  the  north  and  north-west, 
probably  extending  as  far  as  the  edge  of  the  great  submarine  plateau 
by  which  the  European  ridge  is  prolonged  under  the  Atlantic  for 
230  miles  to  the  west  of  Ireland,"  and  he  goes  on  to  calculate  that 
the  Silurian  system  in  Great  Britain  "alone  contains  (or  did  contain  ?) 
180,000  cubic  miles  of  detritus  derived  from  this  land.  Also  that 
then  the  shallow  sea  which  spread  from  the  Atlantic  southward 
and  eastward  over  most  of  Europe  was  tenanted  by  an  abundant 
and  characteristic  series  of  invertebrate  animals"  (Trilobites,  etc.). 

"  But  at  the  close  of  the  Silurian  period  a  vast  series  of  disturb- 
ances took  place,  as  the  consequence  of  which  we  find  the  first  rough 
outlines  of  the  European  continent  were  blocked  out"  "Then 
comes  the  period  of  the  Old  Hed  Sandstone,  with  its  vast  lakes 
abounding  in  bone-covered  fishes,  etc."  "  By  the  time  of  the  Coal 
periods  the  aspect  of  the  European  area  had  still  further  changed." 
"  It  then  consisted  of  a  series  of  low  ridges  or  islands  in  the  midst 
of  a  shallow  sea,  or  of  wide  saltwater  lagoons. **  "All  this  time 
the  chief  area  of  high  ground  in  Europe  appears  still  to  have  lain  to 
the  north  and  north-west" 

The  next  scene  "  brings  before  us  a  series  of  salt  lakes  covering 
the  centre  of  the  continent  from  the  north  of  Ireland  to  the  west  of 
Poland." 

"  These  salt  lakes  of  the  Triassic  period  seem  everywhere  to  have 
been  quickly  effaced  by  a  widespread    depression,  which   allowed 

>  Geographical  Eyolution — Proc.  Eoyal  Geographical  Society,  1879,  pp.  422-43. ' 
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the  main  ooean  once  more  to  overspread  the  greater  part  of  Europe." 
To  this  period,  termed  the  Jurassic,  "  we  can  trace  back  the  origin 
of  a  large  part  of  the  rock  now  forming  the  surface  of  the  continent." 
The  next  long  era  was  the  Cretaceous.  ''During  that  time  the 
Atlantic  sent  its  waters  across  the  whole  of  Europe  and  into  Asia." 
When  we  turn  to  the  succeeding  geological  period,  that  of  the  Eocene, 
the  proofs  of  widespread  submergence  are  still  more  striking.  A 
large  part  of  the  Old  World  seems  to  have  sunk  down ;  for  we  find 
that  one  wide  stretch  of  sea  extended  across  the  whole  of  Central 
Europe  and  Asia.  After  this,  "  the  subterranean  movements  began 
to  which  the  present  configuration  of  Europe  is  mainly  due."  I  give 
these  copious  extracts,  because  it  is  the  first  attempt  I  have  met  with  to 
draw  a  definite  picture  of  the  process  by  which  a.  continent  has  been 
built  up,  on  the  assumption  that  the  great  oceans  and  great  continents 
as  they  exist  now  are,  so  to  speak,  permanent  features  of  the  earth. 
But  does  this  description  bear  out  such  a  theory  ?  We  have  the 
Silurian,  Carboniferous,  Jurassic,  Cretaceous  and  Eocene  seas  cover- 
ing the  greater  part  of  what  is  now  the  continent  of  Europe,  and 
the  latter  the  greater  part  of  Asia  as  well.  Where  at  this  time  was 
the  land  ?  In  the  "  north-west ; "  but  that  is  a  very  general 
description  of  its  whereabouts  I  We  have  Silurian  strata  stretching 
from  New  York  to  the  Arctic  regions,  and  Cretaceous  and  Tertiary 
strata  in  Greenland  and  Spitzbergen.  The  more  we  try  to  follow 
this  complicated  geological  geography,  the  more  it  eludes  our  grasp. 
We  cannot  but  admit  to  ourselves  that  the  materials  for  anything 
like  accurate  pictures  of  the  .outlines  of  the  geography  of  the  so- 
called  ''periods"  do  not  exist,  and  though  it  may  be  a  useful  exercise 
of  the  imagination  to  try  and  draw  them,  few  deductions  of  any 
permanent  value  can  in  this  way  be  made,  much  less  can  the  founda- 
tions of  a  theory  of  the  earth  be  laid. 

Again,  it  is  said  that  all  the  rocks  we  know  of  are  shallow- water 
deposits,  and  have  been  laid  down  either  as  littoral  deposits,  or 
in  shallow  seas  on  the  margins  of  land. 

With  seas  in  the  various  periods  covering  the  principal  portion  of 
Europe  and  Asia,  does  not  that  fact,  if  admitted,  constitute  a  greater 
difficulty  in  accepting  Mr.  Geikie's  explanation  than  it  does  in  the 
older  idea  of  the  general  interchange  of  land  and  sea  ? 

But  I  for  one  am  not  prepared  to  admit  that  the  rocks  of  the 
earth  are  all  of  littoral  or  shallow-water  formation.  Professor  Alex.' 
Agassiz  describes  dredging  up  from  over  1000  fathoms,  15  miles 
from  land,  in  the  Gulf  of  Mexico,*  masses  of  leaves,  pieces  of  I 
bamboo,  of  sugar  cane,  dead  land  shells  and  other  land  debris,  which  = 
he  says  would,  if  found  fossil  in  rocks,  be  taken  by  geologists  to  ..'■ 
indicate  a  shallow  estuary  surrounded  by  forests. 

In  my  estimation  these  geologic  pictures  give  no  more  correct  a 
view  of  the  modus  operandi  of  the  evolution  of  the  geological 
features  of  the  earth  than  does  the  strange  view  Dr.  Carpenter 
credits  some  geologists  with,  that  a  sort  of  "  See-Saw "  has  bef^n 

^  Dredging  Operations  of  U.  S.  Coast  Survey,  Steamer  "  Blake,"  1879,  Letter 
No.  3,  pp.  294-6. 
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gr^ing  an  between  tbA  grest  oceans  and  great  oontinentat  In  whiA 
first  one  is  up,  and  the  other  down.  Anj  one  who  holds  sodh  Tiews 
mnrt  be  strangely  ignonmt  of  physical  geology. 

The  flatness  of  the  ocean-floor  is  anodier  argmnent  mged  agaiBii 
its  eTer  having  been  land.  I  think,  howerer,  that  those  who  vse  it 
would  hardly  realize  what  Eorope  or  any  other  contment  woold 
look  like  if  its  configuration  were  traced  only  by  soundings  taken  in, 
say,  '^000  fathoms  of  water!  Very  probably  the  same 
woold  be  used  to  prove  that  ii  had  never  been  a  continents 

In  the  mid- Atlantic,  in  what  is  called  the  Challenger  Bid^  and 
its  extensions,  there  are  certain  volcanic  peaks,  sodi  as  the  Azores, 
St.  Paol's  Rocks,  Ascension,  Tristan  da  Conha,  etc.    I  ask,  if  these 
peaks  had  1000  fathoms  of  water  over  them,  should  we  know  of 
their  existence?    Their  position  as  they  ue  now  seen  above  die 
sarface  coold  only  be  ascertained  and  recorded  by  good  navigators. 
What  then  would  happen  were  they  out  of  the  range  of  vision  with 
a  deep  ocean  rolling  over  them  ?    In  all  probability  on  the  same  ridge 
there  exist  submerged  peaks  of  which  we  know  nothing.^    The  great 
depths  of  the  ocean  are  also  urged  as  an  argument  against  it  ever 
having  been  the  site  of  land ;  and  when  it  is  shown  that  the  highest 
mountains  measure  vertically  the  greatest  depths  of  the  seas,  it  is, 
per  contra,  pointed  out  that  these  are  only  isolated  peaks,  while  the 
ocean  depths  extend  over  thousands  of  square  miles.      Bat  it  has 
been   shown  by   Professor  Judd,  F.B.S.,'  that  the  strata  of  the 
Alps  measure  folly  five  miles  in  vertical  thickness,  and  that  the  sea- 
floor  must  have  subsided  to  that  extent  at  least  to  allow  of  their 
deposition.     Dana  had  previously  shown  this  to  be  true   of  the 
Appalachians,  and  I  have  no  doubt  most  high  mountain  ranges  will 
tell  a  somewhat  similar  story.     The  Gulf  of  Mexico  is  over  2000 
fathoms  in   its   deepest  part,  yet  there  is  just  reason   to  suppose 
that  it  once  formed  part  of  the  continent  of  South  America.'    In 
a  paper  "On  the  Caribbean  Sea,"  Nature,  July  15,  1880,  p.  242, 
further  soundings  of  the  steamer  '*  Blake  "  are  described ;  one  of  the 
features  discovered  being  "an  extraordinary  submarine  valley,"  "in 
length  700  statute  miles,  from  between  Jamaica  and  Cuba,  nearly  to 
the  head  of  the  Bay  of  Honduras,  with  an  average  breadth  of  80 
miles." 

Professor  Geikie,  in  the  paper  quoted,  also  points  out  that  Britain 
muBt  have  subsided  at  least  three  miles  during  the  Silurian  period, 
though  he  assumes  deposition  to  have  kept  pace  with  subsidence,  as 
indeed  does  Prof.  Judd  in  the  case  of  the  Alps.  To  come  to  more 
recent  times,  in  the  Glacial  period  Great  Britain  subsided  to  the 

*  Mr.  Murray  says,  in  the  paper  before  alluded  to,  on  Coral  Beefe,  etc.  (p.  607) : — 
"  The  sounding  of  the  *'Tuscorora'*  and  "Challenger"  have  made  known  numerous 
submarine  elevations ;  mountains  rising  from  the  general  level  of  the  ocean*s  bed, 
at  a  depth  of  2500  or  3000  fathoms,  up  to  within  a  few  hundred  fathoms  of  the 
surface." 

'  Contributions  to  the  Study  of  Volcanos,  Geol.  Mao.  Dec.  II.  Vol.  III.  1876. 

*  Dredging  of  the  U.  S.  Steamer  "Blake,"  1879,  Letter  No.  3,   pp.  299-301. 

tAgassiz  speculates  on  the  fonner  connexion  of  the  West  India  Islands  with  the 
BDt  oi  South  America. 
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extent  of  from  1400  to  2000  feet*  There  is  therefore  no  improbability 
lu  the  sea-floor  being  raised  to  the  extent  even  of  five  miles. 

To  say  that  no  continent  averages  more  than,  say,  1200  feet  above 
the  sea-level,  is  no  answer  to  this,  as  no  doubt  there  must  exist  some 
general  balance  of  stability  of  deformation  in  the  globe.  The  reason 
the  surface  of  the  land  ranges  so  little  above  the  level  of  the  sea  points 
to  the  likelihood  of  any  greater  height  beiug  ''  unstable  " ;  that  the 
foundations  of  the  earth  would  not  bear  any  greater  irregularity  in 
the  distribution  of  weight'  It  must  be  kept  constantly  in  mind 
also,  that  if  the  crust  of  the  earth  is  mobile,  the  elevation  of  a  mass 
of  land  of  large  superficial  extension  through  water  would  require 
between  -^  and  \  less  effort  than  through  air,  therefore  the  '*  stress  '' 
on  the  foundations  would  be  to  that  extent  (the  weight  of  the  water) 
less. 

If  the  continents  are  the  portions  of  the  earth  that  have  first 
hardened,  it  is  strange  that  it  is  just  these  hardened  bosses  that  have 
to  be  most  unstable,  according  to  the  further  requirements  of  the 
theory,  and  the  most  subject  to  volcanic  action.  Nor  is  it  probable 
that  so  large  an  area  as  the  Pacific  could  have  existed  since  the 
banning  of  geological  history  with  volcanos  in  its  midst,  without 
the  growth  of  something  more  than  the  groups  of  small  coral  islands 
that  now  exist  there. 

According  to  the  theory,  also  held  by  those  in  favour  of  the 
fixity  of  continents  and  oceans,  that  volcanic  energy  is  dying  out, 
in  former  times  these  Pacific  volcanos  must  have  been  more  active 
and  numerous,  and  surely  some  land  would  have  been  built  up 
from  the  bottom  had  other  conditions  been  stable.  But  it  may 
be  alleged,  and  I  believe  is,  that  this  has  always  been  a  subsiding 
area ;  that,  in  fact,  independently  of  minor  oscillations,  all  the  deep 
seas  are  areas  of  subsidence,  and  all  continents  areas  of  upheaval, 
and  have  been  since  the  beginning  of  time.  This  notion  shows  a 
strange  ignorance  of  solid  geometry  or  **  fluid"  geometry  if  so  be  it  I 
for  if  the  sea-floor  of  the  Pacific,  coveiing  an  area  of  the  earth's 
surface  nearly  equal  to  that  of  all  the  land,  has  constantly  subsided, 
where  did  the  waters  of  the  ocean,  the  bulk  of  which  can  hardly  have 
increased,  put  themselves  before  the  subsidence  of  the  sea-bottom 
was  complete  or  nearly  complete?     The  answer  is  obvious — they 

*  Mr.  Gwyn  Jeffreys,  F.R.S.,  in  a  paper  recently  read  before  the  Geological 
Society,  seems  also  to  have  been  impressed  with  the  evidences  of  recent  subsidence 
and  elevation  as  an  argument  in  favour  of  the  older  views  as  to  continents  and  oceans. 

»  Professor  Judd  writes  me :  "  Why  the  mountain  masses  of  the  globe  rise  so 
little  above  the  surface  of  the  ocean  I  take  to  be  due  to  the  great  rapidity  of  subaerial 
denudation  in  the  higher  regions  of  the  atmosphere.  The  moon,  which  is  a  much 
smaller  globe  than  ours,  has  much  more  prominent  features.  If  the  rate  of  waste 
gradually  increases  as  we  rise  higher  in  the  atmosphere  (owing  to  inequalitv^  of 
temperature  and  condensation  of  moisture,  etc.),  then  the  tendency  will  be  to  keep 
down  all  great  inequalities.  All  our  mountains,  therefore,  are  comparatively  small, 
and  all'the  highest  are  of  recent  formation  geologically  speaking.'' 

This  reasoning  I  thoroui^hly  agree  with  as  regards  mountain  masses,  but  the  small 
average  elevation  of  whole  continents  above  the  sea-level  I  think  points  to  the 
possible  instability  of  other  conditions,  mechanically  speaking,  and  to  the  probable 
mobility  of  the  crust  of  the  earth  as  regards  large  areas. 
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must  have  occupied  the  place  of  what  is  now  land,  and  we  are  thus 
reduced  to  the  absurd  conclusion  that  the  continents  which  we  are 
trying  to  account  for  could  not  exist  until  the  subsidence  had  reached 
nearly  its  present  limits,  while  the  requirements  of  the  theory  de- 
mand the  continuance  of  the  subsidence  to  the  present  time.  On 
the  hypothesis  of  the  interchangeability  of  land  and  sea,  all  this  is 
readily  explained.  A  movemeut  of  subsidence  in  the  Pacific  would 
be  balanced  by  the  upheaval  of  land  elsewhere,  so  that  the  cubic 
capacity  of  the  ocean-basins  and  cubic  capacity  of  the  land  would 
remain  nearly  intact.  The  idea  that  the  land  has  been  upheaved 
by  a  continuous  sinking  of  the  ocean-basins  (due  to  the  shrinking  of 
the  earth  or  any  other  cause)  can  only  be  characterized  as  a  geome- 
trical impossibility. 

There  is  still  one  aspect  I  must  deal  with,  as  it  is  a  modified  form 
of  the  same  idea,  which  is  rather  prevalent.  It  is  this,  that  the 
deeper  parts  of  the  ocean  may  always  have  been  ocean.  This  state- 
ment possesses  the  misfortune  to  be,  like  most  others  on  the  subject,  so 
intangible  as  to  be  difficult  to  deal  with.  What  area  does  it  take  in  ? 
Were  we  to  reduce  it  to  dimensions,  I  think  these  "  deeper  portions," 
to  make  a  joke,  would  no  more  ''hold  water"  than  the  ''con- 
tinuously subsiding"  great  oceans.  At  all  events  it  is  a  great  pity  we 
cannot  examine  by  a  boring  these  "  cesspits  of  the  ages,"  for  should 
the  idea  prove  true,  the  rejoicing  geologist  would  find  the  records  of 
marine  life  in  unbroken  sequence  from  the  Laurentian  to  the  present 
time.  To  conclude,  there  is  still  another  general  argument  of  great 
force  against  this  notion  of  modified  fixity  of  land  and  sea.  It  has 
already  been  pointed  out  by  me  in  a  paper  on  "  Limestone  as  an 
Index  of  Geological  Time."*  The  'Porcupine,'  'Challenger,*  'Blake.' 
and  other  dredgings  have  shown  that  an  enormous  area  of  the 
sea -bed  is  covered  with  a  calcareous  ooze.  It  is  well  known  that 
the  materials  of  sedimentary  rocks  have  been  used  up  again  and 
again,  and  their  breaking  up  is  usually  preceded  by  a  removal  of 
cementing  calcareous  matter  in  solution — limestone  being  removed 
nearly  wholly  in  a  state  of  solution  in  water  as  carbonate  or 
sulphate  of  lime.  It  is  also  well  known  and  insisted  upon  by  those 
who  hold  the  views  I  am  now  combating,  that  the  mechanical 
matter  is  deposited  near  to  land — not  in  the  deep  oceans.  It  there- 
fore follows  as  a  corollary,  that  if  the  oceans  have  been  fixtures,  the 
carbonate  and  sulphate  of  lime  has  been  continuously  abstracted  from 
the  rocks  and  deposited  in  greater  or  less  proportion  in  the  ocean 
through  incalculable  ages,  where  it  must  remain  to  this  day.  It 
also  would  follow  as  a  further  consequence  that  the  newer  rocks 
would  be  less  calcareous  than  the  older  ones. 

The  reverse  of  this  is  the  case,  as  any  one  studying  the  valuable 
series  of  analyses  made  by  Dr.  Frankland,  of  water  flowing  from 
various  formations  in  Great  Britain,  and  published  by  the  Rivers 
Pollution  Commission  in  their  sixth  report,  may  find  out  for  himself 
as  regards  England  and  Wales.  The  **  Gnarled  gneiss  "  of  Norway, 
the  old  rocks  of  the  Peninsular  area  of  India,  and  the  primary 
^  »*  Chemical  Denudation  in  Relation  to  Geological  Time,**  pp.  49-60. 
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formations  of  moat  ooimtries,  are  distinguished  by  the  comparative 
absence  of  oaloareons  matter;  while  on  the  other  hand  great  rivers 
like  the  Parana  flowing  from  newer  formations,  snch  as  the  Andes, 
show  by  their  hardness  the  presence  of  calcareous  matter  in  the 
rocks  they  flow  from.  And  further,  if  there  never  existed  any  great 
continent  on  the  site  of  the  Pacific,  a  still  further  removal  of  lime,  in 
addition  to  that  in  organic  ooze,  has  been  continuously  going  on  from 
the  beginning  of  time  in  the  form  of  coral  growth. 

The  subject  is  of  such  fiGur-reaching  importance,  that  I  have  put 
these  few  arguments  together  to  enable  those  who  differ  from  me 
to  have  the  opportunity  of  refuting  them. 


il — contribntions  to  tbb  palibontology  07  the  yobkshibk 

Oolites.^ 

Pakt  in. 

By  Wilfrid  H.  Hudlbston,  M.A.,  F.G.8.,  V.P.G.A. 

(PLATES  XIII.  &  XIV.) 
Genus    Pskudomelaitia,    Pictet   et   Oampiche,   1861-64,   Paleont. 
Suisse,  2~»  partie,  Terr.  Cr6t  de  St  Croix,  p.  266.     {Chemnitzia, 
D*Orbigny,  and  FhananeUa,  D'Orbigny.) 

It  is  not  proposed  to  discuss  the  merits  of  the  generic  name 
applied  to  a  group  of  Univalves  so  characteristic  of  and  so 
abundant  in  the  Jurassic  rocks.  Melania,  JEtdima,  and  Chemnttzia 
have  each  of  them  served  in  turn,  and  in  adopting  Chemnttzia  after 
D'Orbigny,  the  late  Dr.  S.  P.  Woodward  observed'  that  the  '^Melania** 
of  the  Secondary  rocks  are  provisionally  referred  to  this  genus.  Pictet 
and  Campiche  include  the  ChemnitzicB  and  PhasianelloB  of  the  Oolites 
in  one  genus  Psetidomelania,  thus  preserving  to  a  certain  extent  the 
old  generic  appellation. 

Since  it  is  almost  impossible  to  regard  the  so-called  ** Fhasianella  " 
of  the  Oolites  as  in  any  sense  belonging  to  the  TurbinidaB,  I  have, 
with  one  exception,  adopted  Pictet  and  Campiohe's  generic  name  for 
the  several  species  hitherto  referred  to  Phasianella,  whilst  retaining 
the  provisional  name  Chemnitzia  for  the  rest,  so  as  to  produce  the 
least  possible  amount  of  change  in  our  lists. 

In  the  Corallian  rocks  of  Yorkshire  one  well-known  species  of 
Chemnitzia  is  extremely  common,  whilst  there  are  three  other  very 
distinct  species,  of  which  at  present  only  one,  or  at  most  two,  speci- 
mens have  as  yet  been  found  in  this  district  These  species,  with 
one  exception,  have  been  identified  elsewhere. 

7. — Chemnitzia   Hsddingtonensis,   Sowerby,   1813.     Plate  XIII. 

Figs,  la,  &,  c,  d, 

Melania  Heddingtomntit^  Sowerby,  1813,  Min.  Conch.,  tab.  39,  fig.  2. 

Bibliography,  etc. — The  type  specimen  is  from  the  Coral  Rag  of 

Heddington.     Sowerby  gives  a  very  characteristic  figure  of  the  shell 

in  a  reversed  position.     The  peculiar  bevelling  of  the  upper  part  of 

the  whorl  is  better  shown  than  in  D'Orbigny's  figures  (Ter.  Jur.,  pi. 

244),  but  the  latter  show  the  character  of  the  aperture.     A  figure  is 

^  Continued  from  the  July  Number,  p.  298.         *  Manual  ot  MoUumml,  ^.  Vl^. 
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also  given  by  De  Loriol  and  Pellat  (Jurassiqae  Supr.  da  Boulonnais, 
pi.  viii.  fig.  4)  of  a  shell  from  the  S^uanien  of  Houllefort,  which 
the  authors  refer  to  this  species.  If  correctly  drawn,  it  represents  a 
specimen  which  has  suffered  somewhat  from  ^wear.  On  the  whole, 
Sowerby's  original  figure  is  better  for  the  purposes  of  specific  identi- 
fication, than  any  other  known  to  me.  Deslongchamps  quotes  this 
highly  characteristic  Corallian  species  from  the  Inferior  Oolite  of 
Normandy,  but  it  is  more  than  probable  that  D*Orbigny  was  right  in 
rejecting  this  identification. 

Description. — Fig,  la.  Specimen'  from  the  base  of  the  Coralline 
Oolite  at  Pickering  (ray  Collection). 

Length  (restored)  120  millimetres. 

Width         30      „ 

Length  of  body- whorl  to  entire  shell 34 :  100. 

Spiral  angle    21'. 

Shell  elongated,  conical,  subturrited  anteriorly,  not  umbilicated. 
The  spire  increases  under  a  regular  angle  of  21°.  About  10  mm.  of 
the  apex  is  wanting.  The  upper  whorls  are  smooth  and  almost  flat, 
though  sharply  separated  by  the  sutures.  As  the  shell  increases,  a 
varix  in  the  upper  third  of  the  whorl  becomes  more  and  more  pro- 
nounced with  each  turn  of  the  spire,  and  this  is  succeeded  by  a  slight 
hollowing  out  of  the  middle  of  the  whorl.  Thus  a  most  unmis- 
takable character  is  imparted  to  the  entire  shell,  as  each  of  the 
lower  whorls  is  angular  above,  depressed  in  the  centre,  and  convex 
in  the  lower  half.  In  this  specimen  the  body- whorl  is  but  slightly 
tumid.  The  lines  of  growth  are  unusually  well  preserved,  the 
original  shell  substance  being  replaced  by  a  brown-coloured  spar, 
and  it  is  even  possible  in  places  to  discern  a  very  minute  punctate 
ornament  arranged  transversely  (as  shown  in  Fig.  Ic). 

Very  large  individuals  of  this  species  are  found  in  the  Malton 
Oolite,  often  beautifully  preserved  in  white  spar,  but  rarely  with 
ornaments  so  sharp  as  in  the  specimen  figured. 

Fig.  16. — Specimen  from  the  Coralline  Oolite  of  Ness  (my  Collec- 
tion). Front  view  of  a  fragment  with  the  shell  in  a  very  different 
state  of  preservation  to  the  preceding,  but  showing  the  aperture 
favourably. 

Length  (restored)   117  millimetres. 

Width     33      „ 

Length  of  body- whorl  to  entire  shell 34  :  100. 

Spiral  angle    22". 

Outer  lip  slightly  compressed  (the  edge  is  a  little  ragged) ;  anterior 
margin  of  aperture  very  oval ;  posterior  extremity  pointed  ;  inner 
lip  of  moderate  thickness  and  encroaching  but  little  on  the 
columellar  area. 

Fig.  Ic. — Specimen  from  the  Coralline  Oolite  of  Malton;  and 
Fig.  Id. — Specimen  from  the  Coralline  Oolite  of  Ampleforth  Beacon 
(my  Collection). 

These  are  representatives  of  Chem.  HeddingUmefms  in  its  earlier 
stages,  when  the  whorls  are  perfectly  flat.  It  will  be  seen  that  the 
larger  specimen  is  just  beginning  to  develope  the  varix,  and  has  the 
punctate  ornament  unsually  well  preserved. 
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'Relations  and  Distribution. — A  form  so  prodigiously  numerous  as 
this  cannot  fail  to  have  several  relations.  D'Orbigny  has  justly 
pointed  out  that,  in  the  Inferior  Oolite,  Mdania  coaretata,  Desl.,  has  a 
strong  resemblance,  though  with  recognizable  differences.  As  we 
ascend  in  the  geological  scale,  Chem.  vittata,  Phil.  (G.  Y.  pi.  vii. 
fig.  15),  from  the  Combrash  of  Yorkshire  is  so  near  a  relative  that  it 
requires  some  discrimination  to  make  out  the  differences.  We  are 
indebted  to  Dr.  Lycett  (SuppL  to  Great  Oolite  MoUusca,  p.  14,  Plate 
xxxi.  fig.  10)  for  a  good  figure  and  description  of  the  Combrash 
species.  The  body-whorl,  instead  of  being  rounded  off  at  the  base, 
as  in  Chem.  Heddingtonensis,  presents  a  double  varix,  whilst  the  other 
whorls  also  are  rather  more  angular,  and  the  sutures  more  deeply 
impressed.  In  both  species,  however,  the  early  whorls  are  flat,  and 
there  exists  a  similar  arrangement  of  encircling  granulated  lines,  so 
that  the  absorption  of  the  lower  varix,  and  the  modification  of  some 
minor  points,  would  suffice  to  convert  Chem.  vittata,  Phil.,  into  Chem. 
Heddingtonensis,  Sow.  Indeed  it  is  by  no  means  rare  to  find  specimens 
in  the  Coralline  Oolite  of  Malton  where  a  lower  varix  is  discernible. 
Who  shall  say  that,  during  the  long  interval  between  the  Yorkshire 
Cornbrash  and  the  Yorkshire  Corallian,  these  alterations  were  not 
gradually  and  naturally  effected  in  portions  of  the  Jurassic  series,  of 
which  in  Yorkshire  at  least  we  have  now  no  traces  ? 

The  variations  in  the  Corallian  species  itself  are  very  considerable. 
D'Orbigny  extends  the  limits  of  the  spiral  angle  alone  from  19° — 33° ; 
and  certainly  the  specimens  now  figured  are  all  about  the  lowest  of 
these  limits,  though  there  are  specimens  from  the  Coralline  Oolite  of 
Malton  and  from  the  Coral  Bag  of  Langton  Wold  with  a  wider  base. 
On  the  other  hand,  the  specimen,  Fig.  Ic,  might  almost  come  under 
the  denomination  of  Chem.  Clio,  O'Orb.,  though  I  prefer  to  class  it 
with  the  commoner  form.  Yet  it  is  a  matter  of  no  small  surprise 
that,  amongst  the  enormous  multitudes  of  Chemnitzia,  so  very  few 
can  be  referred  to  any  other  of  the  many  species  described  by 
D'Orbigny  from  the  Oxfordian  and  Corallian  of  France.  In  North 
Germany  likewise  there  seems  to  be  an  equal  poverty  of  species, 
since  Brauns  *  gives  no  more  than  three.  Of  these  Chem.  ahhreviata, 
Eoem.,  though  found  in  the  shell-bed  at  the  top  of  the  Lower  Cal- 
careous Grit  near  Cumnor,  has  not  yet  been  discovered  in  Yorkshire. 

As  regards  distribution  in  Yorkshire,  Chem.  Heddingtonensis,  so 
characteristic  of  our  Coralline  Oolite,  is  first  known  to  me  in  the  great 
shell -bed  at  the  top  of  the  Lower  Limestones,  towards  the  middle  of 
the  Tabular  range,  and  thence  upwards  throughout  the  Coralline 
Oolite  generally,  but  never  in  the  main  mass  of  the  Lower  Limestones 
nor  in  the  Passage-beds  connecting  them  with  the  Lower  Calcareous 
Grit.  Thus  with  us  it  is  absent  throughout  the  zone  of  A. 
perarmatus,  or  at  least  so  rare  as  not  to  have  attracted  notice. 
Brauns,'  however,  quotes  Ch.  Heddingtonensis  from  the  Heersumer 
Schichten  of  North  Germany,  as  well  as  from  the  Coralline  Oolite  of 
that  country,  whilst  D*Orbigny  speaks  of  it  as  common  throughout 

>  Obere  Jura,  p.  241. 
•  cp.  cit,  p.  177. 
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the  Oxfor(^ian  stage,  but  does  not  quote  it  as  a  Corallian  form.  As  far 
as  I  can  make  out,  without  having  actually  visited  the  districts,  the 
chief  home  of  the  species  throughout  the  North-East  of  France  is  to  be 
sought  in  those  highly  fossiliferous  beds  which  go  by  the  general  name 
of  **  Oolithe  ferrugineuse,"  and  which,  according  to  Buvignier,  separate 
the  **  Argiles  d'Oxford  "  from  the  "  Coral  Bag."  Specimens  sent  to 
me  by  Dr.  Barrois  from  about  this  horizon  in  the  Ardennes  are  on  the 
whole  wider  than  the  common  Yorkshire  form,  and  the  base  of  the 
whorl  in  some  of  the  specimens  is  less  rounded  ofF.^  The  evidence 
seems  to  point  to  the  fact  that  Ch,  Heddingtonensis  flourished  earlier 
in  the  Franco-German  areas  than  in  Yorkshire.  The  species  is 
pretty  plentiful  in  the  Coral  Rag  of  Oxfordshire,  but  is  so  rare  in 
the  shell-bed  at  the  top  of  the  Lower  Calcareous  Orit  (zone  of  A. 
perarmatus)  at  Cumnor,  which  is  full  of  other  univalves,  that  I  have 
never  succeeded  in  finding  it  A  nfiurrow  form  which  may  be  re- 
ferred to  this  species  occurs  in  the  Osmington  Oolite  at  Weymouth, 
and  more  typical  specimens  in  the  Trt^onta-beds.  The  highest 
position  in  which  the  shell  has  been  found  is  the  Upper  Calcareous 
Grit  of  Silpho  near  Hackness. 

8.  — Chemnitzia  Pollux,  D'Orbigny,  1849.    Plate  XIII.  Fig.  2. 

Chemnitzia  FolluXy  D'Orbijsrny,  1849,  Prod,  de  Pal6ont.  Strat  toI.  ii.  p.  2. 

Id.  1850,  Terr.  Jurass.  vol.  ii.  p.  62;  pi.  247,  fig.  1. 

Bihliography,  etc. — ^The  history  of  this  species  is  a  short  one,  as  it 
seems  to  have  been  noted  by  few  authors,  unless  it  is  concealed 
under  some  synonym  which  I  have  not  yet  been  able  to  detect. 

Description. — Specimen  from  the  Coral  Rag  of  Langton  Wold  (my 
Collection). 

Length  (restored)    123  millimbtres. 

Width      37      „ 

Length  of  body-whorl  to  entire  shell    38  :  100. 

Spiral  angle     25^ 

The  following  is  D'Orbigny's  description  of  the  species  :  "  Shell 
elongated,  conical;  spire  formed  of  a  regular  angle  composed  of 
whorls  almost  flat,  only  marked  by  a  very  slight  relief  of  the  lower 
portion  almost  inappreciable ;  feebly  developed  lines  of  growth  may 
also  be  noted.  Aperture  oval,  rounded  in  front,  pointed  behind,  and 
furnished  on  the  columellar  region  and  especially  below  with  very 
marked  thickenings." 

This  description  fits  the  specimen  under  consideration  remarkably 
well.  The  shell  is  a  most  complete  cone,  without  any  approach  to  a 
turrited  shape,  and  the  sutures  are  extremely  shallow.     It  might 

1  This  collection,  stratigraphically  arranged  by  Dr.  Barrois,  is  one  of  great  interest 
and  value.  The  general  fauna  of  the  beds  in  question  seems  to  be  on  a  level  with 
the  whole  of  our  Yorkshire  Coralline  Oolite  and  Tassage-beds,  including  part  of  the 
Lower  Calcareous  Grit,  though  the  actual  association  of  fossils  is  not  exactly  the 
same.  The  prevailing  ammonites  are  j1.  cordatiis  and  A.  vertebra iis  in  several 
phases.  The  representotive  of  the  group  Feriaphifictes  is  principally  the  small  form 
BO  common  in  the  Lower  Calcareous  Grit  of  Cajrton  Bay,  and  A,  perarmatus  is  very 
scarce. 
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perhaps  be  thought  that  rolling  or  abrasion  has  had  something  to  do 
with  the  latter  feature,  and  this  may  be  so  to  a  certain  extent. 
Nevertheless  the  aperture  is  unusually  well  preserved,  which  shows 
that  the  specimen  has  not  been  subjected  to  very  hard  usage.  The 
heaviness  of  the  oolumellar  lip,  and  the  anterior  rounding  off,  in 
such  marked  contrast  to  the  oval  outline  of  the  anterior  extremity  of 
Chem,  ffeddingtonenata  (see  Fig.  16),  are  very  striking  points.  The 
shell  substance  also  is  immensely  thick. 

Belationa  and  Distribution. — The  affinities  of  this  shell  with  any- 
thing hitherto  found  in  Yorkshire  are  by  no  means  obvious.  The 
excessive  flatness  of  the  i^horl  separates  it  both  from  the  Hedding- 
tonenais  group  and  from  the  athleta  group.  Whether  it  is  to  be 
regarded  as  an  aberrant  form,  or  is  entitled  to  the  indefinite  rank  of 
a  species,  I  can  hardly  undertake  to  say  at  present.  Yet  the  presence 
of  such  a  shell,  and  the  fact  that  it  tallies  so  fairly  with  specimens 
found  by  D'Orbigny  in  the  Clorallian  of  Sainpuis  (Yonne),  and  by 
Cotteau  at  Chatel-Censoir,  is  certainly  worthy  of  being  recorded.  At 
the  same  time,  when  a  **  species  **  has  been  noted  at  very  few 
localities,  its  qualifications  are  liable  to  suspicion,  and  one  cannot  help 
wondering  where  may  be  its  head-quarters,  since  nothing  of  the  kind 
has  been  noted  in  the  Corallian  of  the  South  of  England. 

The  specimen  figured  was  found  in  the  same  quarry  as  Ch. 
Langtonensis,  along  with  several  rare  and  curious  fossils.  This 
serves  still  further  to  illustrate  the  remarkable  character  of  the 
Coral  Bag  in  the  eastern  portion  of  the  Howardian  Hills,  and  should 
stimulate  collectors  carefully  to  watch  the  quarries  of  that  region. 

9.  —  Chkmnitzia    Lanotonensis,    Blake    and    Hudleston,    1877. 

Plate  XIII.  Fig.  3. 

Ch^t.  LangtonensiSf  Bl.  and  H.,  1877,  Q.J.G.S.,  vol.  xxxiii.  p.  393,  pi.  xiii.  fig.  3. 

Specimen  from  the  Coral  Eag  of  Langton  Wold  (my  Collection). 

Bibliography  and  Description. — The  following  extract  from  the 
paper  above  quoted  tells  us  all  that  is  known  of  this  peculiar  shell : — 

''  Although  this  is  an  incomplete  and  unique  specimen,  its  ornaments 
are  so  distinct  that  it  can  be  confounded  with  no  other  Chemnitzia. 
It  also  possesses  a  remarkable  callosity  on  the  imier  lip,  which  ought 
perhaps  to  separate  it  from  this  genus. 

"Spiral  angle  19°,  angle  of  suture  130°.  Total  length  5^  inches 
(estimated) ;  last  whorl  2  inches  long,  double  the  next  whorl ; 
whorls  only  moderately  convex,  least  so  in  the  upper  part ;  suture 
not  deep,  but  rather  abrupt ;  ornaments  irregular,  undulating  risings 
parallel  to  the  length  of  the  shell,  numerous  and  close  together." 

One  or  two  imperfect  specimens  which  may  belong  to  this  species 
have  turned  up  since  the  above  was  written,  but  nothing  throwing 
any  additional  light  on  the  case.  Since  the  early  whorls  are  unknown, 
they  may  be  without  any  other  ornament  than  what  is  due  to  lines  of 
growth  ;  and  thus  the  immature  shell  may  be  represented  by  such  a 
form  as  that  shown  in  PI.  XIII.  Fig.  4. 
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10. — Chimnitzia,  of.   ooBALLiKA,  D'Orbigny,   1850.    Plate  XIH. 

Fig.  4. 

Chemnittia  eordUina,  D'Orbigny,  1860,  Teir.  Jurass.  toL  iL  p.  69,  pi.  260,  fig.  1, 2* 

Bibliography^  etc. — The  specimeii  under  oonsideration  represents  a 
group  of  Chemnitzia  where  the  whorl  is  tumid  in  the  early  stages. 
The  spiral  and  sutural  angles  are  such  that  it  might  possibly  be  the 
immature  form  of  Ch.  Langtonensia,  but  this  is  merely  a  conjecture. 

Description, — Specimen  from  the  Coral  Rag  of  the  Malton  district 
— most  probably  from  Langton  Wold  (Leckenby  Collection). 

Length  (approximate) 88  millimetres. 

Wi£h        11      *„ 

Length  of  body- whorl  to  entire  shell 38  :  100. 

Spiral  angle      2(f. 

Shell  elongated,  conical.  The  whorls  increase  under  a  regular 
angle  of  about  20°,  and  are  convex,  smooth,  and  devoid  of  ornament 
beyond  the  lines  of  growth,  which  in  this  specimen  are  distinctly 
shown,  the  surface  being  well  preserved.  No  punctate  striation, 
transverse  to  the  axis,  can  be  discovered.  Aperture  involved  in 
matrix  ;  anterior  extremity  apparently  oval  rather  than  circular. 

Relations  and  Distribution, — Nothing  further  can  be  said  on  this 
score  than  what  is  applicable  to  species  distinguished  by  a  general 
convexity  of  the  whorl,  such  as  may  be  noted  in  the  descriptions  of 
Chemnitzia  Clytia,  D*Orb.,  Ch.  athleta,  D'Orb.,  and  some  other  forms 
noted  by  the  author  of  the  Terrains  Jurassiques.  Not  any  of  these 
are  identified  by  Brauns  in  the  Corallian  of  North  Germany,  and  in 
our  Yorkshire  beds  they  are  so  rare  that  the  specimen  figured  is  the 
only  one  well  preserved  which  has  come  under  my  notice. 

It  should  be  stated,  however,  that  there  are  specimens  in  the 
Coral  Bag  of  Ayton  and  Brompton,  having  a  spiral  angle  as  low  as 
1G°,  which  clearly  belong  to  the  convex-whorled  group,  and  are  very 
like  the  figure  of  Ch.  Clytia,  D'Orb.^ 

11. — "  Phasianella  "  8TBIATA,  Sow.,  1814.     Youug  specimens. 

Plate  XIV.  Figs,  la,  16. 

Melania  striata,  Sowerby,  1814,  Min.  Conch,  p.  101,  pi.  47. 

Bibliography,  etc. — The  original  figure  was  made  up  of  two 
specimens :  the  lower  part  from  the  Coral  Rag  of  Ooatacre,  the 
upper  from  a  totally  dififerent  formation  at  Lymington  in  Somerset- 
shire, the  combined  cast  being  about  8  inches  in  height.  The  thin- 
ness of  the  shell  is  such  that,  although  it  often  leaves  its  mark  on 
the  cast,  whereby  we  recognize  the  transverse  bands,  it  is  seldom 
that  any  portion  has  been  preserved.  Owing  to  this  circumstance  it 
is  difficult  to  say  whether  the  casts  so  abundant  in  the  Humphresianus- 
zone  of  the  Inferior  Oolite  at  Cheltenham  can  be  deemed  specifically 
identical  or  otherwise  with  this  very  characteristic  Corallian  species. 
A  similar  form  also  occurs  in  the  HumphresianW'Zxme  of  the  Inferior 

*  Chemnitzia  melanioideay  Phillips. — I  have  hitherto  failed  to  identify  this  figure 
with  any  fossil  known  to  me.  The  original  should  he  at  York,  hut  I  Imve  not  had 
the  good  fortune  to  see  it. 
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Oolite  at  Soarborough  (Scarborough  Limestone),  and  this  was 
referred  by  Morris  and  Lycett  (p.  118,  pi.  xv.  fig.  19)  to  Sowerby's 
species.  Some  of  the  specimens  from  the  Cheltenham  district  are 
marked  Ph.  Sasmannit  Oppel,  and  P.  Oppeli,  Wright  MS.,  in  the 
Jermyn  Street  Museum.  Young  and  Bird,  edition  of  1822,  give  a 
very  recognizable  figure  (pi.  xi.  fig.  9)  of  one  of  the  more  obese 
forms,  and  D'Orbigny's  figures  (Ter.  Jurass.,  plates  324  and  325) 
are  excellent.  The  latter  author  {op,  ciL  vol.  ii.  p.  323)  speaks  of 
the  species  as  occurring  on  two  stages — in  the  Callovian  at  Pizieu, 
and  in  the  Oxfordian'  at  many  places  both  in  France  and  England. 
From  this  fact  we  may  infer  that  D'Orbigny's  Oxfordian  must  include 
much  of  our  Corallian. 

Description. — Fig.  la.  Specimen  (cast)  from  the  Coralline  Oolite  of 
Ness  (my  Collection).  The  spiral  angle  rather  exceeds  40° 
(D'Orbigny's  limit  is  30® — 44°).  The  whorls,  five  in  number,  increase 
under  a  regular  angle,  and  are  tumid  above,  but  become  more 
depressed  below.  The  last  whorl  rather  exceeds  the  whole  of  the  spire 
in  height,  and  exhibits  on  a  larger  scale  the  characters  of  the  other 
whorls ;  it  is  not  either  rounded  off  or  bevelled  off,  but  presents  an 
angular  outline,  which  is  characteristic  of  all  stages  of  the  species, 
though  it  is  lost  in  old  and  very  large  specimens.  The  cast  is  too 
much  worn  to  show  the  usual  traces  of  the  thin  striated  shell. 

Fig.  16. — Specimen  from  the  Corallian  of  Yorkshire  (Leckenby 
Collection.) 

Length  (restored) 28  millimetres. 

Width    , 16      „ 

Length  of  last  whorl  to  entire  shell  50  :  100 

Spiral  angle 42*. 

The  shell  of  this  specimen,  which  may  be  taken  to  represent  the 
next  size  of  the  ordinary  form  of  Ph.  striata,  has  its  lower  whorls 
preserved  in  calcite. 

The  whorls  of  the  spire  are  tumid,  and  the  shell  substance  thick, 
the  transverse  banding  characteristic  of  the  species  appearing  on  the 
surface  somewhat  faintly.  The  body- whorl  is  also  tumid,  but  not 
disproportionately :  its  shell  substance  would  seem  to  have  been  less 
thick,  and  the  transverse  banding  shows  out  better  where  the  shell 
is  thinner.  It  is  probable  that  the  banded  structure  pervades  the 
entire  thickness  of  the  shell,  as  it  is  so  well  shown  upon  casts.  The 
bands  in  the  base  of  the  body-whorl  are  wider  and  more  prominent. 

Relations  and  Distribution.  —  As  previously  indicated,  opinions 
differ  as  to  whether  this  great  shell  is  really  the  same  as  the  one  in 
the  Inferior  Oolite.  It  is,  or  its  closely  allied  congeners  are,  amazingly 
abundant  on  certain  horizons  in  the  Jurassic  rocks,  whilst  totally 
absent  from  others.  Thus  there  is  no  representative  of  the  group  in 
the  Great  Oolite  of  Minchinhampton,  where  there  are  so  many 
Gasteropods,  nor  yet  in  the  Combrash  of  Yorkshire.  It  is 
immensely  abundant  on  certain  lines  in  the  Yorkshire  Corallian 
beds,  not  so  low,  however,  as  the  Lower  Coral  Rag  of  Hackness. 
Very  large  specimens  occur  in  the  shelly  beds  which  succeed  the 
Middle  Calcareous  Grit  in  parts  of  the  Tabular  Bange,  and  it  is 
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again  extremely  abnndant  at  the  bane  of  the  Coral   Ba^^  of  the 
Scarborough  district,  and  in  parts  of  the  Coralline  Oolite  of  Malton. 

12. — *'  Phasianslla  "  STRIATA,  Sow. ;  var.  Bartonensis.  Plate  XIV. 

Fig.  2,  back  and  front 

Description.  —Specimen  from  the  Coral  Bag  between  Slingsby  and 

Barton  (my  Collection). 

Lem^  (restored)      81  millimfttres. 

Width       31       „ 

Length  of  body-whorl  to  entire  shell     38  :  100. 

Spind  angle      30". 

The  chief  differences  noticeable  between  this  variety  and  the 
ordinary  Ph,  striata  are,  firstly,  that  the  spiral  angle  is  less  open 
than  in  the  specimens  of  Phi  striata  from  the  Corallian  rooks  of 
Yorkshire,  where  it  usually  amounts  to  40^  Secondly,  the  upper 
part  of  the  whorl  is  less  tumid,  whilst  the  lower  part  exhibits  a 
sharp  turn  in,  which  accentuates  the  sutural  excavation.  This 
peculiarity  seems  to  arise  from  each  whorl  being  less  completely 
covered  by  its  successor  than  is  the  case  in  the  ordinary  form. 
Thirdly f  the  aperture  is  inclined  to  be  subquadrate  instead  of  oval ;  bat 
as  the  outer  lip  is  not  quite  perfect,  we  must  not  feel  too  sore  of  this. 
The  shell  also  would  seem  to  be  rather  thicker. 

Relations  and  Distribution, — ^This  form  does  not  seem  to  have  been 
noticed  generally,  and  we  may  conclude  that  it  is  rare.  Deslon^- 
champs  has  figured  *  a  variety  of  Sowerby's  species  from  the  Argile 
d'Honfleur  (Rimmeridge  Clay)  at  Villerville,  in  which  the  spiral 
angle  and  general  characters  appear  much  the  same  as  in  the  Barton 
specimen  ;  hence,  the  horizon  of  these  elongated  varieties  may  be 
higher  than  that  of  the  more  ordinary  forms.  In  Yorkshire  I  have 
found  one  or  two  casts  of  the  var.  Bartonensis  at  different  localities 
in  the  Coral  Rag  of  the  Howardians,  where  the  more  regular  form  is 
far  from  being  common.  Neither  in  England  nor  in  the  Boulonnais 
has  any  member  of  this  striata  group  been  recorded  from  more 
recent  beds  of  Jurassic  age. 

13. — PsEUDOMELANiA  oRAoius,  sp.n.      Plate  XIV.  Figs.  3a.  and  36. 

It  seems  somewhat  strange  to  go  in  search  of  a  new  name  for  such 
a  plain  shell  as  this — yet  its  unomamented  character  renders  it  all 
the  more  difficult  of  identification.  Buccinum  sublineatum,  Koem. 
(N.  0.  G. p.  139,  pi.  xi.  fig.  22),  is  something  like;  and  the  repro- 
duction of  this  species  by  D'Orbigny  as  a  Chemnitzta  (Terr.  Jurass. 
vol.  ii.  p.  56,  pi.  241,  fig.  6)  from  the  Oxfordian  Oolite  of  Trouville 
is  still  more  so,  but  that  author  gives  a  spiral  angle  of  no  more  than 
25° — which  is  hardly  enough  for  our  shell.  Von  Seebach  (Han.  Jur. 
pi.  vii.  fig.  2)  has  a  figure  of  Chemnitzta  striatella,  identified  by 
Brauns  with  Koemer's  species  from  the  Lower  Kimmeridge  of  North 
Germany,  which  has  much  less  resemblance.  There  are  of  course 
plenty  of  other  figures  and  descriptions  which  nearly  fit,  but  none 
exactly.  In  this  case,  therefore,  a  new  species  might  do  less  harm 
than  an  incorrect  identification. 
L  »  Mem.  Soc.  Linn.  Norm.  torn.  vii.  pi.  12,  fig.  4. 
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Deseriptton, — Fig,  Ba.  Specimen   from  the  Coral  Hag  of  Ayton 

(Leckenby  Collection). 

Length 27  millimetres. 

Length  of  body- whorl  to  entire  shell 48  :  100. 

Spiral  angle 38". 

Shell  conical,  smooth,  not  umbilicated,  spire  composed  of  nine 
whorls,  very  regular  in  outline,  scarcely  convex,  and  devoid  of 
visible  ornament  Sutures  close,  not  very  marked.  Body-whorl 
about  equal  in  height  to  the  entire  length  of  the  shell.  Outer  lip 
very  straight,  which  gives  the  mouth  an  angular  appearance.  Shell 
substance  thick. 

Fig.  36. — Specimen  from  the  Coral  Eag  of  Brompton  (Strickland 
Collection).  Restored  it  would  have  a  length  of  about  33  mm.,  with 
a  spiral  angle  of  33^  and  the  body- whorl  is  a  little  higher  in  propor- 
tion to  the  entire  shell  than  in  the  other  specimen.  Only  four 
whorls  remain.  It  would  appear  to  represent  a  larger  individual  of 
the  same  species  as  the  last     The  shell  substance  is  very  thick. 

Belatiana  and  Distribution. — The  flatness  of  the  whorls,  and  the 
straightness  of  the  outer  lip,  in  addition  to'  the  spiral  angle,  may 
serve  to  distinguish  this  species  from  any  other  Paeudomelania  in 
TorkBhii*e  of  like  age.  The  two  specimens  figured  are  the  only  ones 
known  to  me. 

14. — Pbeudomelania  Buvignieri,  auctorum.     Plate  XIV.  Figs.  4a. 

and  45. 

Bibliography,  etc. — Shells  more  or  less  Answering  to  the  description 
of  the  two  here  figured  were  recorded  in  the  lists  of  the  Corallian 
Hocks  of  England,  and  in  the  Table  of  Fossils  of  the  CoFallian  Hocks 
of  Yorkshire,  as  P«.  Buvignieri,  D'Orbigny  (Terr.  Jur.  vol.  ii.  p.  325, 
pi.  325,  figs.  3 — 5).  D'Orbigny's  species  is,  however,  only  10  mm. 
long,  and  in  the  description  the  author  gives  the  length  as  one  of 
the  characteristic  features.  In  some  collections  similar  forms  are 
refen-ed  to  Phaaianella  elegans,  M.  and  L.  (Gr.  Ool.  Moll.  p.  74,  pi. 
xi.  figs.  27,  27a.),  and  the  larger  of  the  two  specimens  figured  has 
considerable  resemblance,  though  the  differences  are  not  difficult  to 
point  out.  Altogether  the  name  now  adopted  must  be  regarded  to  a 
certain  extent  as  provisional,  and  even  the  groupiug  of  4a  and  46 
under  one  denomination  as  more  or  less  open  to  question. 

Description. — I^g.  4a.  Specimen    from    the   Coralline   Oolite    of 

Nawton  (my  Collection). 

Length  (restored) 27  millimetres. 

Length  of  body-whorl  to  entire  shell 62  ;  100. 

Spiral  angle 42°. 

Shell  short,  conical,  smooth,  not  umbi Heated.  Whorls  probably 
about  eight  in  number,  increasing  regularly  under  an  angle  of  42  , 
convex,  perfectly  smooth  and  devoid  of  ornament,  sutures  distinct. 
Body- whorl  tumid  and  in  height  very  slightly  exceeding  the  rest  of 
the  spire.  Mouth  very  oval  and  regular  with  a  slight  callosity  on 
the  inner  si^e. 

Fig.  46. — Specimen  from  the  Coral  Hag  of  Brompton  (Strickland 
Collection). 
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Shell  conical,  short,  smooth,  not  umbilicatecL  Whorls  abont  seven 
in  number,  increasing  under  a  regular  angle  of  38°.  The  length 
restored  would  be  about  46  mm.,  with  a  body-whorl  not  quite  equal 
in  height  to  the  entire  spire.  The  whorls  of  the  spire  are  convex, 
rather  high  and  perfectly  smooth.  Body- whorl  scarcely  tumid,  very 
round,  and  free  from  angularity  at  the  base.  Aperture  widely  ovaL 
The  front  of  the  upper  whorls  is  involved  in  matrix. 

Relations  and  Distribution. — These  very  average  forms  have  near 
relatives  in  several  of  the  Jurassic  beds  as  low  down  as  the  Lias. 
Melania  htdimoides,  Desl.,  from  the  Coral  Rag  (Oxfordian  according 
to  D'Orbigny),*  of  Trouville,  is  not  very  far  from  Fig.  4a,  whUst 
there  can  be  little  doubt  that  Fig.  45  is  the  Corallian  representative 
of  the  Ph,  elegans  of  Minchinhampton.  In  the  Oreat  Oolite  shell 
the  whorls  are  more  tumid,  and  the  sutures  more  deeply  cut,  giving 
a  slightly  turrited  appearance.  Fig.  46  is  a  unique  specimen ; 
should  more  be  discovered,  it  might  be  almost  worth  describing  as  a 
species  under  the  name  of  Pseudomdania  sub-elegans.  The  other 
form  is  also  comparatively  rare. 

15. — PsEUDOMKLANiA,  sp.     Plate  XIV.  Fig.  5. 

As  this  is  the  only  specimen  known  to  me,  it  is  not  deemed 
advisable  to  give  any  specific  name. 

Description. — Specimen  from  the  Coral  Eag  of  Brompton  (my 
Collection). 

Length  (restored) 45  millimetres. 

Width    17      „ 

Lengrth  of  last  whorl  to  entire  shell   40  :  100. 

Spiral  angle 31°. 

Shell  conical,  slightly  elongated,  smooth,  without  ornament.  The 
whorls  would  appear  to  increase  regularly  under  an  angle  of  about 
30°.  They  are  convex,  with  a  tendency  to  slope  in  the  upper  part  of 
the  whorl.  This  slope  has  the  effect  of  accentuating  the  sutures, 
and  gives  a  character  to  the  shell,  which  might  perhaps  have  been 
placed  under  Chemnitzia,  if  the  generic  distinction  is  worth  pre- 
serving. The  aperture  is  very  ovate,  the  outer  lip  coming  out  with 
a  bold  sweep ;  the  anterior  portion  is  slightly  broken  away. 
Columellar  lip  only  moderately  curved,  and  rather  thin.  No 
umbilicus,  but  a  faint  groove  at  the  junction  of  the  inner  lip  with 
the  columella. 

16. — PsEUDOMBLANiA  Leymeriei,  D'Archiac,  1843.     Dwarf.     Plate 

XIV.  Fig.  6. 

Phasianell^  Leymeriei^  D'Archiac,  1843,  Mem.  Soc.  G6ol.  Fr.  torn.  v.  t.  28,  fig.  12. 

Morris  and  Lycett,  Moll,  of  Gt.  Ool.  p.  74,  pi.  xii.  figs,  31, 

31a,  32. 

Description. — Specimen  from  the  Passage-beds  of  the  Lower 
Calcareous  Grit,  Wydale  (my  Collection). 

I^ength  (restored) 15  mUlim^trea. 

Width   8-6     „ 

Length  of  last  whorl  to  entire  shell    63  :  100. . 

Spiral  angle      56**, 

*  op.  eit.  pi.  xii.  fig.  15. 
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Shell  short,  oonical,  smooth,  not  nmbilicated.  The  whorls  are  five 
or  six  in  number,  convex,  and  have  a  tendency  to  increase  under  a 
high  angle  with  a  nearly  uniform  slope  and  but  little  tabulation. 
Body-whorl  considerably  higher  than  the  rest  of  the  spire  and  mo- 
derately ventrioose.  The  condition  of  the  specimen  does  not  admit 
of  a  more  detailed  description. 

Belations,  etc. — ^This  is  unfortunately  the  only  ^cimen  I  can 
obtain.  It  is  one  of  the  very  few  Univalves  of  the  lower  beds,  and 
a  more  exact  determination  would  therefore  be  desirable.  Some 
might  regard  it  as  a  small  Naiiea,  like  N.punciuray  Bean,  for  instance. 
To  me  the  shell  appears  too  evenly  conical  for  a  Natica,  and  though 
so  small  it  very  much  resembles  specimens  from  Minchinhampton 
referred  as  above. 

Genus  Cebithivm,  Adanson,  1757. 

There  are  no  more  than  three  species  which  can  be  said  to  be  com- 
mon, viz.  C.  muricatum,  Sow.,  C,  limaforme,  Roem.,  and  C  tnomatum, 
Buv.,  as  identified.  The  number  of  the  remainder  would  vary  accord- 
ing to  the  views  taken  respecting  varieties,  but  under  any  circum- 
stances seven  or  eight  would  be  the  limit.  This  is  about  the  number 
given  by  Morris  and  Lycett  for  the  Great  Oolite  Ceriihia,  but  the 
species  in  that  formation  are  for  the  most  part  very  different  to  those 
of  the  Yorkshire  Corallian. 

In  Germany,  according  to  the  older  authors  on  the  Jurassic  rocks, 
the  muricated  Cerithia  are  represented  by  G,  costellatum,^  Miinst,Lias; 
C,  muricatO'Costaium,  Miinst.,  Lower  Oolites;  C,  nodo8o-co9tatum, 
Miinst. ;  C7.  septemplicatum,  Koemer,  Upper  Coral  Rag.  The  granu- 
lated forms  are  C.  qtmdricinctum,  Miinst.,  Lower  Oolites,  and  C, 
Umaforme,  Roemer,  Upper  Coral  Rag.  Since  those  days  Buvignier ' 
has  described  and  most  elaborately  figured  twenty-nine  species  of 
Cerithia,  of  which  fourteen  are  from  the  Coral  Rag  of  the  Mouse, 
with  one  exception,  all  being  claimed  by  him  as  new. 

De  Loriol  and  Pellat  ^  also  have  made  a  handsome  addition  to  the 
lists  in  respect  of  this  genus,  and  several  of  their  new  species  are  of 
Corallian  age.  Some  indeed  look  like  old  friends  we  have  seen 
before  under  other  denominations. 

17. — Cbeithium  mubioatum,  Sow.,  1825.     PL  XIV.  Fig.  7. 

Turritella  muricatay  Sowerby,  1825,  Min.  Conch,  vol.  v.  p.  159,  pi.  499,  figs.  1  and  2. 
Ibid,  1829,  Phillips's  Geol.  of  Yorkshire,  t.  4,  fig.  8. 

Cerithium  Struckmanni,  Loriol,  1873,  Et.  Supr.  Jurass.  vol.  i  p.  75,  pi.  vii.  figs. 

25-27. 

Bibliography,  etc. — Sowerby's  original  specimens  are  from  Steeple 

Ashton.     His  ^g,  1  is  a  characteristic  block  full  of  this  very  common 

form,  along  with  the  well-known  "  Turbo  "  muricatua.     Fig.  2  is  a 

good  representation  of  a  single  specimen  of  the  type  which  is  so 

plentiful  in  the  shell-beds  of  the  Coralline  Oolite  of  the  southern 

counties.     Being  excessively  common,  and  having  probably  a  great 

range,  this  shell  has  naturally  attracted  the  attention  of  many  writers 

1  See  Goldfuss,  Petrefacta,  div.  v.  p.  29,  pi.  143. 

'  Stat.  Geol.  de  la  Meuse.  ^  £t.  Supr.  Jurass.  «de  Boulogne. 

SBCASB  n. — VOL.  VII. — NO.  IX.  2& 
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on  palsontologT,  and  its  aUa$e$  are  proportionably  nnmeroni. 
There  is  prolmbly,  as  we  shall  see  presently,  some  differenoe  in 
Cerithium  Bu$$ieM8e.  D'Orb.  (Prodr.,  et  13)  ;  but  I  altogether  fail  to 
see  the  justification  for  the  C.  StrMeimanni  of  De  Loriol,  still  less 
for  its  adoption  by  Brauns  as  the  representative  of  the  species  in 
North  Germany.  This  seems  to  me  a  case  where  lists  require  con* 
siderable  purgation,  and  it  serves  to  illustrate  at  the  same  time  the 
sort  of  information  which  a  young  geologist,  not  versed  in  the  intrica- 
cies of  synonymy,  may  derive  from  tables  of  fossils. 

Description. — Specimen  from  the  base  of  the  Coralline  Oolite^ 
Pickering  (my  Collection). 

Length  (restored)     20  nuIlim^tnB. 

Width   6      „ 

Spin!  angle 19". 

Shell  elongated,  turrited,  sharply  pointed.  Whorls  probably  four- 
teen in  number,  flat,  sloping  slightly,  but  increasing  by  steps;  sutures 
strongly  marked.  The  ornaments  are  conspicuous,  and  consist  of 
five  transverse  (spiral)  ribs,  decussating  with  very  numerous  longi- 
tudinal ribs,  which  latter  are  nearly,  but  not  always,  in  line  in  eadi 
separate  whorl.  The  network  or  interlacing  thus  produced  is  rather 
fine;  the  intersections  are  drawn  out  transversely,  so  that  the 
nodes  are  elongated,  but  not  spiny.  The  general  aspect  of  the 
ornamentation  is  closely  set  and  regular.  The  transverse  ribbing 
is  continued  over  the  base  of  the  body-whorl,  but  without  decussa- 
tion.    The  aperture  is  involved  in  matrix. 

Relations  and  Distribution. — It  will  readily  be  believed  that  so 
common  a  shell  must  have  relations  in  the  olcler  beds,  but  the  whole 
subject  is  so  confused  that  I  cannot  venture  to  grapple  with  it  at 
present,  though  I  think  that  this  is  a  higher  form  than  the  next,  to 
which  it  is  closely  related.  At  Pickering  both  occur  together,  and, 
unless  in  a  fairly  good  state  of  preservation,  would  doubtless  reoeive 
the  same  designation. 

It  is  noteworthy  that  according  to  De  Loriol  and  Pellat,*  both 
this  and  the  succeeding  species  are  found  together  at  Yiel  St-Remy 
— I  presume  in  the  ferruginous  oolite.  I  have  myself  received  it 
from  the  corresponding  bed  of  the  Ardennes.  It  is  quoted  as 
C.  Struckmanni  from  the  Sequanien  of  Boulogne.  If  there  is  any 
difi*erence,  De  Loriol's  shell  has  a  slightly  wider  base. 

As  before  observed,  this  is  the  common  Cerithium  of  the  Corallian 
beds  throughout  England,  but  in  Yorkshire  it  never  ascends  into 
the  Coral  Hog.  The  shell-beds  of  the  Coralline  Oolite  are  its  chief 
lepository,  though  it,  or  the  next  species,  occurs  in  the  Lower 
Calcareous  Grit. 

18. — Ckbithium  Kussiensk,  D'Orbigny,  1846.     Plate  XIV.  Figs. 

8a,  hf  e. 

(Withium  RuMtenMy  D'Orbigny,  1845,  in  Mnrchison,  Yemenil  and  Keyverling,  2,  p. 

453,  pi.  38,  tig.  9. 

Bibliographyf  etc. — D'Orbigny,  in  his  Prodrome  (vol.  i.  p.  357), 

'  op.  cit,  p.  76. 
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classes  the  preceding  species  with  this  one.  I  have  not  seen  the 
original  description,  but  quote  from  De  Loriol  and  Pellat,  who  point 
out  the  differences. 

Description, — Fig,  8a.  Specimen    from    the    Coralline  Oolite    of 
Pickei*ing,  amongst  the  Trt^onia-beds  (my  Collection). 

Length      26  millimetres. 

Width   7      „ 

Spiral  angle 22°. 

.  Shell  elongated,  turrited,  sharply  pointed.  Whorls  about  fift-een  in 
number,  increasing  under  a  regular  angle,  and  separated  by  well- 
tnarked  sutures.  They  are  nearly  flat  and  distinguished  by  very 
bold  ornaments.  These  latter  consist  of  broad  transverse  ribs,  four 
in  number,  on  all  the  whorls  except  the  last,  and  they  decussate  with 
very  stout  longitudinal  ribs,  which  on  the  penultimate  whorl  are 
about  sixteen  in  number.  These  ribs  have  a  considerable  inclination 
from  the  axis  of  the  spire,  and  are  sharply  separated  by  the  suture 
from  those  in  the  adjoining  whorl,  with  which  they  do  not  always 
oorrespond.  The  intersection  of  the  two  systems  of  ribbing  gives 
rise  to  a  set  of  spiny  nodes  ;  the  upper  one  in  each  whorl  is  usually 
the  most  prominent  and  spiny.  The  last  whorl  is  slightly  less  flat 
than  the  others ;  it  has  the  same  character  of  ornament,  though  in  a 
less  marked  degree.  The  longitudinal  ribbing  is  not  continued  in 
the  base  of  the  whorl,  which,  however,  is  ribbed  transversely. 
Aperture  imperfectly  preserved- 

Fig,  86  represents  a  variety  of  this  species  from  the  same  place, 
but  in  a  different  state  of  preservation.  Ori^nally  this  shell  seems 
to  have  been  more  turrited  than  Fig.  da.  The  points  of  the  spines 
have  been  ground  down. 

Fig,  8c  represents  a  variety  where  the  longitudinal  ribs  are  not 
developed  in  the  under  whorls. 

Belationa  and  Distribution, — There  is  a  considerable  diflerence  in 
all  three  of  these  specimens,  but  they  agree  in  having  only  four 
spiral  ridges  or  ribs.  Fig.  Sb  is  strongly  turrited ;  Figs.  8a  and  8c 
less  so.  Not  known  to  me  in  Yorkshire  above  the  base  of  the 
Coralline  Oolite  at  Pickering.  This  form  occurs  in  the  Lower 
Calcareous  Grit 

EXPLANATION   OF   PLATE   XIIL 

Fio.  la.   Chemnitzia  HeddingUmentity  Sow.      Base  of  Coralline  Oolite,  Pickering. 

Back  view.    My  Collection. 

„   lb,  „  „  Another  specimen  to  show  the  aperture.    Coral- 

line Oolite  of  Ness.     My  Collection. 

„    \e.  „  „  Young  snecimen.   Shell  with  punctate  structure. 

Coralline  Oolite  of  Malton.     My  Collection. 

„   Irf.  „  „  Townger  specimen.   Coralline  Oolite  of  Ample- 

fotth  Beacon,    My  Collection. 

„   2.  „  Polluxy  WOrh,   Coral  Rag  of  Langton  Wold.  My  Collection. 

„   3.  „  Langtonemia^  Bl.  k  H. ;   Coral  Rag  of   Langton  Wold. 

My  Collection. 

„  4.  „  cf.  eorallina,  D'Orh.    Probahly  from  the  Coral  Rag  of  Lang- 

ton  Wold.  Leckenhy  Collection. 
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EXPLANATION   OF  PLATE  XIV. 

Fio.  Iff.   '^PhasiaMlla'' striata y  Sow.    Very  young  specimen.     Conllme  Oolite  of 

Ness.    My  Collection. 

^    lb,  ,,  yf        Toung  specimen.    Probably  from  the  Coral  Rag  of 

Ayton.    Leckenby  Collection. 

,2.  M  ,,       Tar.  Bartonensis.     Coral  Rag  near  Barton.    Back 

and  front.    My  Collection. 

,   3a.  Pseudmnelania  gracihsy  sp.  n.     Coral  Kag  of  Ayton.     Back  and  front. 

Leckenby  Collection.    ■ 

,    3d.  n  ,i       Coral  Rag  of  Brompton.    Back  and  front.    Strick- 

land Collection. 

,   4a.  ,,  Buvignieri,  auct.    Coral  Rag  of  Xawton.    Back  and  front. 

My  Collection. 

,46.  ,,  „       Coral  Rag  of  Brompton.    Back  and  front.    Strick- 

land Collection. 

,5.  ,,  species f     Coral  Rag  of  Brompton.     Back  and  front.    My 

Collection. 

,6.  „  Leymtrieif  D*  Anh.   Passage-beds  of  Lower  Calcareons  Grit 

Back  and  front.    My  Collection. 

,    7.  Ccrithium  murieatumj  Sow.     Base  of  Coralline  Oolite,  Pickering.     Front 


rm,  oow.     case  oi  uorauine  uoute,  iacKenng.     mroi 

view  and  two  whorls  enlarged.     My  CoUection. 

?,  D»Orb.     Base  of  Coralline  Oolite,  Pickering.     Thn 


,   Sa.byC,   ,,      Jtussiense,  D*Orb.     Base  of  Coralline  Oohte,  Pickering.     Three 

different  specimens,  with  portions  enlarged.    My 
Collection. 

{To  be  continued,) 


III. — Note  on  the  Pebbles  in  the  Bunteb  Beds  of  STi.FFORDSHiBE. 

By  Prof.  T.  G.  Bontjey,  M.A.,  F.R.S.,  F.G.8. 

FOR  many  years  past  I  have  been  familiar  with  the  Trias  of 
Staffordshire,  but  of  late  I  have  been  noticing  more  carefully, 
during  my  occasional  visits  to  that  county,  the  pebbles  in  the 
Bunter,  in  the  hope  of  being  able  to  identify  the  parent  rocks  from 
which  they  have  been  derived.  It  has  already  been  regarded  as 
almost  certain  that  many  of  them  have  a  northern  origin  :  and  with 
this  idea  in  view  I  observed  last  summer  the  lithological  character 
of  the  quartzites  near  Loch  Maree.  Although  the  results  at  which 
I  have  arrived  are  very  incomplete,  I  think  more  good  will  be  done 
by  publishing  them  than  by  waiting,  because,  as  it  seems  to  me, 
they  settle  one  or  two  points  of  importance,  and  because  a  question, 
like  that  of  the  origin  of  the  pebbles  in  a  deposit  so  widely  spread 
as  the  Bunter,  is  one  which  can  be  better  determined  by  a  number  of 
observers  living  in  different  localities  than  by  any  one  person, 
especially  if,  like  myself,  he  has  but  little  time  to  spare  for  the 
investigation.  If,  however,  I  can  show  that  one  or  two  points  may 
be  regarded  as  fairly  certain,  it  will  very  much  facilitate  the  work 
of  such  observers.  This  work,  the  careful  scrutiny  of  the  contents 
of  conglomerates,  is  one  of  more  importance  than  may  at  first  sight 
appear,  because  a  rock  fragment  no  less,  and  sometimes  more,  than 
a  fossil  records  certain  facts  in  the  physical  geography  of  the 
deposit  in  which  it  is  found. 

The  following  notes  relate  chiefly  to  the  northern  edge  of  Cannock 
Chase,  within  two  or  three  miles  of  the  town  of  Rugeley.  The 
majority  of  the  pebbles  in  the  Bunter  beds  of  this  district  are 
lUrUites.    Most  of  them  clearly  belong  to  one  variety  of  this  rock. 
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Tliey  seem  to  consist  almost  wholly  of  grains  of  qiiartz.  which  are 
very  closely  agglutinated,  so  as  to  give  an  anusually  compact  texture 
to  the  rock,  and  be  with  difficulty  visible  to  the  eye.  The  fracture 
is  clean  and  subconchoidal,  and  the  outside  of  the  pebble  quite 
smooth.  The  colour  varies ;  there  are  many  shades  of  grey,  from 
almost  white  to  a  sort  of  dark  purplish,  and  occasionally  a  peculiar 
liver  colour.  Pebbles  also  of  white  vein  quartz  are  common,  with 
hard  grits  and  quartzites  rather  different  from  the  above,  and  other 
rocks  in  small  numbers,  some  of  which  will  presently  be  noticed. 

Professor  Hull  pointed  out  some  years  since  that  the  quartzite 
pebbles  must  have  been  derived  from  Scotland,^  and  it  was  a  natural 
inference  to  refer  them  to  the  great  mass  of  that  rock  which  is  so 
well  developed  on  or  near  to  the  north-western  coast  During  my 
visit  to  Koss-shire  last  summer,  I  examined  the  quartzite  in  the 
vicinity  of  Loch  Maree,  and  saw  either  in  boulders  or  in  situ  most 
of  the  varieties  which  occur  in  Staffordshire,  so  far  as  the  unaided 
eye  could  identify  them.  The  liver-coloured  quartzite  alone  was 
wanting.  I  had  three  microscopic  sections  prepared  from  Koss-shire 
quartzites  (white  and  grey),  and  compared  them  with  two  from 
Bunter  pebbles  (grey  and  liver-coloured)  already  in  my  collection. 
The  former  consist  almost  wholly  of  grains  of  quartz,  agglutinated 
together  as  is  usual  in  highly-altered  quartzites.  These  grains  often 
contain  many  very  minute  inclosures,  some  apparently  exceedingly 
small  cavities,  others  specks  of  opacite,  ferrite,  etc.  They  frequently 
have  a  somewhat  linear  arrangement.  There  are  also  present 
occasional  fragments  of  a  very  fine-grained  quartzite,  and  of  felspar, 
and  specks  of  a  greenish  micaceous,  chloritic  or  hornblendic  mineral. 
The  felspar  is  often  banded,  some  with  a  wavy  or  cross-hatched 
structure  much  xesembling  that  of  microcline.  All  the  above  also 
occur  in  the  Torridon  sandstone ;  and  the  quartz  and  the  felspar  of 
the  Hebridean  gneiss,  from  which  its  materials  have  undoubtedly  been 
dexnved,  frequently  exhibit  these  characteristics.  Now  in  the  slides 
from  the  Bunter  conglomerate  we  find  a  similar  structure;  the 
quartz  with  similar  inclosures,  occasional  grains  of  similar  felspar : 
of  a  fine  quartzite,  and  specks  of  the  same  greenish  mineral.  I  can 
see  no  distinction  whatever  between  the  slides  from  the  grey  Bunter 
pebble  and  those  from  Koss-shire,  and  that  from  the  liver-coloured 
pebble  has  only  varietal  differences. 

Further,  it  occurred  to  me  when  in  Koss-shire  that  if  the  Bunter 
conglomerate  were  in  great  part  derived  from  North-west  Scotland, 
one  might  hope  to  find  in  it  specimens  of  the  harder  varieties  of  the 
Torridon  sandstone.      On   my  next  visit  to  Staffordshire  I  found 
that  pebbles  bearing  a  close  resemblance  to  it,  though  with   the 
felspar  much  decomposed,  were  far  from  uncommon.     Two  of  the 
best  preserved  of  these  have  been  cut  for  microscopic  examination. 
•Now  the  structure  of  the  Torridon  sandstone  is  rather  peculiar.     As 
already  described  in  my  paper  on  the  vicinity  of  Loch  Maree,*  I 
found  in  it  quartz  grains  like  those  named  above,  felspar,  '*orthoclase, 
microcline,  and  plagioclase  (?  oligoclase),"  fragments  of  fine  quartzite 

>  Mem.  Geol.  Survey,  Pennian  and  Trias  of  Midland  Counties,  i^,  60% 
*  Q.J.O.S.  vol  xxxF.  p.  98. 
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and  schisty  or  slaty  rock.  lu  the  pebbles  from  the  Bnnter  I  find 
quartz  witb  the  same  inolosnres,  even  to  the  occaeional  presence  of 
small  acicular  prisms  of  a  pale  greenish  mineral  (which  I  cannot 
venture  to  name),  felspar,  which,  though  much  decomposed,  still 
shows  resemblance  to  the  above,  and  occasional  bits  of  rather  similar 
altered  rocks.  I  think,  therefore,  I  am  justified  in  identifying  these 
pebbles  with  the  Torridou  sandstone,  seeing  that  it  is  a  rock  which 
even  macroscopically  is  of  a  marked  and  exceptional  character.  This 
additional  evidence  proves  that  those  authors  who  considered  the 
Bunter  pebbles  to  have  been  largely  derived  from  the  rocks  in  the 
North-west  of  Scotland  were  right. 

Tliere  is,  however  (as  I  have  for  some  time  suspected),  a  second 
quartzite  represented  in  the  Bunter  pebble-bed.  This  is  very 
variable  in  appearance,  being  sometimes  coarse,  sometimes  fine.  It 
is  more  granular  and  altogether  less  compact  in  texture,  being  often 
rather  a  hard  grit  than  a  true  quartzite,  and  frequently  contains 
many  specks  of  decomposed  felspar,  resembling  more  the  quartzites 
of  JBudleigh  Salterton,  the  Lickey  and  Hartshill.  To  this  rook 
belong,  so  far  as  I  have  seen  them,  the  pebbles  coUected  by  Mr. 
Percival  and  Mr.  Jennings.^  Specimens  of  this  are  not  unfrequent  on 
Cannock  Chase,  and  appear  to  me  to  become  more  common  in  the 
district  about  Birmingham  and  Bromsgrove.  I  have  already  found 
two  or  three  specimens  of  this  rock  from  the  neighbourhood  of 
liiigeley  containing  numerous  fossils,  while  the  only  trace  of  organisms 
which  I  have  been  able  to  discover  in  the  other  rocks  liave  been  two 
instances  of  obscure  annelid  tubes.  One  contains  an  Or^Ats,  which  struck 
me  as  resembling  0.  redux;  so,  as  usual  in  a  palaeontological  difficulty, 
I  trespassed  upon  the  kindness  of  Mr.  Etheridge,  who  thus  writes : 
"  The  Orthis  is  0.  redux,  var.  Budleighensis,  Dav.  This  shell  occurs 
both  at  Budleigh  Salterton  and  Gorran  Haven  in  Cornwall,  some- 
what abundant  at  both  places.  1  should  not  be  able  to  distinguish 
the  Cornish  specimens  from  those  of  Budleigh  or  your  specimen  in 
the  pebble  from  Kugeley.  Lithologically  and  zoologically  they  are 
identical.  So  also  with  the  Lickey  specimens,  from  which  place, 
indeed,  your  pebble  might  have  been  derived.  In  the  redder  and 
coarser  sandstone  or  quartzite  there  is  a  Bhynchonella  sp.  ?  and  pro- 
bably 0.  calligramma,  and  casts  of  the  ossiculsd  of  a  Glyptocrinus. 
These  are  all  the  organisms  I  can  make  out." 

I  have  always  doubted  whether  the  Lickey  rock  was  likely  to  have 
contributed  to  the  Bunter  pebbles,  chiefly  because  I  could  not 
identify  exactly  any  of  them  with  the  Lickey  rock  as  known  to  me  ; 
but  the  other  day  Mr.  Etheridge  showed  me  a  specimen  from  Long- 
wood,  -  on  the  S.W.  side  of  the  range  (where  I  had  never  been), 
which  contained  several  fossils,  as  above,  and  was  exactly  like  this 
Bunter  rock.  As  it  is,  from  physical  considerations,  almost  impossible 
that  Cornish  pebbles  can  have  made  their  way  hither,  and  as  these 
less  altered  fossiliferous  quartzites  certainly  seem  more  abundant  on 
the  Worcestershii-e  side  of  the  county,  I  agree  with  Mr.  Etheridge 

'  Geol.  Mao.  Dec.  II.Yol.V.p  *ia^,^^^.  Cl.Bxodk,  Q..J.G.S.  rol.  xxiii.  p.2l0. 
-  Neai-  Dubury  Hill.     The  slau  ako  coii.\AiD&  PelraW  Vvna  ^sA«^  M.eTu;UVla. 
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that  we  may  refer  them  to  the  range  of  the  Lickey— thus  they  are 
(probably)  of  Llandovery  age.* 

Besides  the  above  rocks,  I  have  lately  found  several  specimens  of 
felstone :  One,  a  reddish  compact  variety,  with  distinct  traces  of 
fluidal  structure  and  small  occasional  crystals  of  quartz  and  felspar  ; 
another,  a  rather  similar  but  paler-coloured  rock,  with  specks  of  a 
dark  mineral ;  a  third,  with  larger  crystals  of  pink  felspar ;  a  fourth, 
with  fewer  but  larger  crystals  of  white  felspar ;  and  a  fifth,  with  a 
dark  ground-mass  and  crystals  of  orthoclase,  inclosing  black  micro- 
liths.  Some  of  these  resemble  rocks  which  I  have  obtained  from 
Scotland,  but  I  pass  these  by  for  the  present  with  a  simple  mention. 

I  have  also  found  pebbles  of  flinty  rocks,  akin  to  Lydian  stone 
and  porcellanite,  a  dark  schisty  rock,  with  minute  microliths  of  a  black 
mineral  (?  tourmaline,  of  which  mineral  I  have  found  needles  in  a 
quartz  pebble),  limestones  and  chert  with  casts  of  Orinoid  stems. 
The  last  two  are  probably  from  the  Carboniferous  Limestone,  from 
which  formation  also  the  galena  may  have  come,  which  has  occurred 
in  the  lower  part  of  the  pebble-bed.'^ 

Of  these,  and  other  inmates  of  the  conglomerate,  I  hope  in  the 
course  of  a  year  or  two  to  gather  additional  information.  In  conclu- 
sion, I  will  only  venture  on  one  remark  with  regard  to  the  physical 
history  of  the  Bunter,  which,  though  probably  not  novel,  I  do  not 
remember  to  have  seen  in  print.  It  is  now  very  commonly  held  tliat 
the  Trias,  in  accordance  with  Prof.  Ramsay's  view,  was  formed  in  an 
inland  sea  or  lake.  So  far  as  regards  the  Reuper,  I  think  this  in  the 
highest  degroe  probable,  but  not  as  regards  the  Bunter.  Its  frequent 
false- bedding,  the  number  and  size  of  its  pebbles,  seem  to  point  to 
the  action  of  strong  currents,'  such  as  would  only  occur  in  an  open 
sea  or  in  the  delta  of  a  large  river.  The  resemblance  to  the  English 
Bunter  of  some  of  the  red  beds  of  the  Lower  Carboniferous  group 
of  Scotland  (notably  in  Brodick  Bay,  Arran,  where  the  same 
quartzites  abound,^  is  most  romarkable.  The  one  is  considered  to  be 
a  fluviatile  deposit,  and  why  not  the  other?  Thus,  the  Bunter  beds 
of  Central  and  Northern  England  may  represent  the  deltas  of  two 
large  streams  descending  respectively  from  the  north-west  and 
north-east,  and  receiving  tributaries  from  land  on  either  side.  The 
Lower  Trias  of  Southern  England  would  be  produced  by  a  stream  or 
streams  from  the  PalsBOZoic  land  to  west  and  south.  Thus,  in  the 
latter  district,  there  may  have  been  a  precursor  of  the  Great  Wealden 
river,  just  as  there  seems  to  have  been  in  North  Germany,  and  I  am 
by  no  means  sure,  that  even  in  the  former  district  we  have  not  some 
indication  in  Jurassic  times  of  the  rivers  of  the  preceding  period. 

*  Mr.  8.  G.  PerciTars  collection  of  pebbles  from  the  Moseley  district  (in  the  Jermyn 
Street  Mnseum)  contains  the  following  fossils  :  Orthoeeras  ?  Cleidophorus  amygdalia, 
OrthU  reduXf  Tar.  Budleiffh^nsiSy  Stricklandinia  lyraia,  Spirifcra  diyunctaj  Glypto- 
erinua,  JPftraia  (bina  f). 

»  Molyneux,  Brit.  Assoc.  Rep.  1872  (Brighton),  Tr.  of  Sect.  p.  116. 

'  The  aTerage  Staffordshire  pebbles  would  require  a  current  of  about  three  miles 
an  hour  to  sweep  them  along.  Large  pebbles  (up  to  6  or  8  inches  in  diameter]  are  by 
no  means  infrequent. 

*  G«>L.  Mao.  Dec.  II.  Vol.  V.  p.  428. 
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IV. — The    Mammoth    in    Siberia. 
By  Henry  H.  Howorth,  F.S.A. 

THE  overlapping  of  the  sciences  is  made  the  subject  of  nmcli 
rhetorical  writing  now-a-days,  and  its  appreciation  is  one  of  the 
most  prominent  signs  of  the  modem  development  of  the  doctrine  of 
Continuity  which  has  been  so  fruitful  in  the  Philosophy  of  Discovery. 
The  boundary-line  which  once  separated  the  geologist  and  ethnologist 
has  in  consequence  of  this  development  entirely  disappeared,  and 
every  one  now  admits  as  a  postulate  that  between  the  two  sciences 
there  is  a  stretch  of  neutral  ground  belonging  to  neither  exclusively, 
and  where  the  students  of  each  must  of  necessity  reap  if  their 
harvest  is  to  be  complete.  Not  only  so,  but  it  is  beginning  to  be 
seen  that  the  methods  and  the  directions  of  the  arguments  in  each 
science  being  more  or  less  different — the  one  partaiking  much  more 
of  the  historical,  and  the  other  of  the  experimental  method — that  it 
is  well  that  whei*e  they  overlap  the  results  of  each  should  be  closely 
compared,  and  thus  not  only  secure  a  double  modicum  of  certitude, 
but  also  suggest  fresh  veins  of  untried  material  where  we  may  pat 
in  our  mattock  with  renewed  hope  of  solving  some  apparently  hope- 
less problems. 

The  Mammoth  presents  very  fairly  a  focus  about  which  we  may 
group  that  congeries  of  difficulties  which  is  the  common  property  of 
the  ethnologist  and  the  geologist.  As  a  student  of  ethnology  who 
have  done,  I  trust,  yeoman's  service  in  some  of  its  walks,  and  have, 
like  all  the  brotherhood,  cast  many  an  anxious  glance  towards  that 
Sorbonian  bog  where  the  puzzle  of  the  origin  of  our  race  lies  buried, 
and  as  a  student  whose  special  subject  has  been  the  nomadic  races 
of  Central  and  Northern  Asia,  I  have  accumulated  some  materials 
which  I  believe  may  throw  a  little  light  on  that  problem,  and 
perhaps  also  on  corresponding  problems  which  are  presented  to  the 
geologist  in  the  same  area.  The  last  leaf  of  the  geological  book 
and  the  first  one  of  the  ethnological  book  being,  in  fact,  the  same 
document,  we  cannot  illustrate  the  one  without  at  the  same  time 
throwing  light  on  the  other.  I  preface  the  remarks  I  mean  to  make 
with  these  observations,  because  the  methods  which  I  shall  use  in 
approaching  the  problem  will  not  be  strictly  geological  ones,  and  I 
therefore  have  to  claim  the  indulgence  of  your  readers  if,  in  present- 
ing them  my  sheaves,  they  complain  of  the  way  in  which  the  straw 
has  been  cut  and  the  bundles  have  been  tied.  Whether  there  be  any 
thing  else  than  straw  in  what  I  have  to  offer  is  not  for  me  to  say. 

I  shall  begin,  as  is  the  custom  with  most  of  my  craft,  with  a 
small  etymological  excursus,  and  then  limit  this  paper  by  bringing 
together  some  forgotten  and  obscure  archceological  facts  relating  to 
the  Mammoth,  which  are  not  uninteresting  in  view  of  some  current 
discussions,  and  remit  more  purely  geological  matters  for  another 
number. 

The  word  Mammoth  is  clearly  a  corruption  of  the  Arabic  word 
Behemoth,  a  great  beast,  the  letters  b  and  m  being  interchangeable, 
as  is  well  known,  in  many  Arabic  dialects.     One  of  the  earliest 
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notices  of  the  Mammoth,  if  not  the  earliest,  is  that  of  Father  Avril, 
n^ho  travelled  to  Russia  in  1685,  eta  He  calls  it  always  Behemot 
(Avril's  Travels,  176-177). 

Witzen,  the  famous  Dutch  writer,  was,  I  believe,  the  first  Euro- 
pean writer  who  used  the  term  Mammoth.  He  doubtless  imported 
the  term  from  Bussia.  Strahlenberg,  who  wrote  his  account  of 
Siberia,  after  a  residence  there  of  many  years,  in  the  beginning  of 
the  eighteenth  century,  says,  as  to  the  name  Mammoth,  "  It  doubtless 
had  its  origin  from  the  Hebrew  and  Arabic ;  this  word  denoting 
Behemot  of  which  Job  speaks  (xl.  chapter),  and  which  the  Arabs 
pronounce  Mehemot  ...  It  is  certain  the  Arabs  brought  the  word 
into  Great  Tartary;  for  the  Ostiaks  near  the  river  Oby  call  the 
Mammoth  Ehosar,  and  the  Tartars  call  it  Khir.  And  though  the 
Arabian  name  of  an  Elephant  is  Fyhl,  yet,  if  very  large,  they  use 
the  adjective  Mehemodi  to  it ;  and  these  Arabs  coming  into  Tartary, 
and  finding  there  the  relics  of  some  monstrous  great  beasts,  not 
certain  of  what  kind  they  might  be,  they  called  these  teeth  Mehemot, 
which  afterwards  became  a  proper  name  among  the  Tartars,  and  by 
the  Russians  is  corruptly  pronounced  Mammoth.  .  .  .  The  Russian 
Mammoth  certainly  came  from  the  word  Behemot,  in  which  opinion 
I  am  confirmed  by  the  testimony  of  an  ancient  Russian  priest, 
Gregory  by  name,  father  confessor  to  Princess  Sophia,  who  was 
many  years  an  exile  in  Siberia,  from  whom  I  was  told  that  formerly 
the  name  for  these  bones  in  Siberia  was  not  Mammoth,  but  Memoth, 
and  that  the  Numan  dialect  had  made  that  alteration  '*  (Strahlenberg, 
op,  cit,  402-8).  These  extracts  will  suffice  to  make  clear  what  is 
indisputable,  namely,  that  Mammoth  is  a  mere  corruption  of  the 
Arabic  Behemoth  or  Mehemoth.  The  suggestion  of  an  ingenious 
speculator  of  recent  times,  that  it  is  derived  from  the  word  ma^ 
meaning  '  land '  among  the  Fins  and  muiy  which  we  are  told  in 
Esthonia  means  a  'mole,'  is  not  for  a  moment  tenable.  The  Esthonians 
live  a  long  way  from  Siberia,  and  the  name  of  the  Mole  among  the 
eastern  Ugrians  is  quite  different 

The  next  question  is,  how  comes  it  that  the  Arabs,  who  are  now 
strangers  to  Siberia,  should  have  given  a  name  to  the  Mammoth 
which  has  become  current  in  all  the  European  languages?  This 
leads  into  an  archsBological  byeway,  in  which  some  out-of-the-way 
facts  will,  I  trust,  be  found.  Eginhard,  the  biographer  of 
Charlemagne,  tells  us  that  his  master  received  as  a  present 
from  the  great  Ehalif  Harun-ar-Rashid,  the  horn  of  a  Unicorn 
and  the  claw  of  a  Griffon.  These  were  long  preserved  in 
the  Treasury  at  St.  Denis,  and  are  described  in  a  work  published  at 
Paris  in  1646,  entitled  Le  Tresor  Sacre  de  St.  Denys,  etc.,  to  which 
my  attention  has  been  called  by  Mr.  Franks.  The  Unicorn's  horn 
was  made  the  subject  of  an  elaborate  inquiry  written  at  the  Hague 
in  1646  (see  Churchill's  Travels,  p.  387),  in  which  it  is  said  this 
horn  was  altogether  like  a  similar  one  at  Copenhagen,  and  that  the 
Danes  were  of  opinion  that  all  those  kind  of  horns  found  in  Muscovy, 
Germany,  Italy,  and  France,  came  from  Denmsurk.  The  Danes  sold 
these  horns  as  Unicorns'  horns.     The  one  at  St.  Denis  had  the  same 
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root  as  the  rest,  hollow  and  worm-eaten  at  the  end  like  a  rotten 
tooth.  «  This  heing  granted,"  says  the  old  writer,  "  a&  it  is  really 
true,  I  will  positively  assert  it  to  be  a  tooth  fallen  out  of  the  jaw- 
bone of  the  same  fish  known  in  Iceland  by  the  name  of  Narwhal, 
and  that  consequently  it  is  no  horn.** 

In  regard  to  the  Gri£fon*s  claw,  it  is  a  curious  fact  that  a  writer 
in  the  **  Bulletin  of  the  St.  Petersburg  Academy,"  in  a  paper  on 
Griffons,  who  was  not  aware,  apparently,  of  the  existence  of  the 
St  Denis  specimen,  makes  out  that  the  so-called  claws  are  nothing 
more  than  the  horns  of  the  fossil  Rhinoceros.  Upon  this  question 
Erman  has  a  curious  passage  which  I  shall  quote.  He  says,  speaking 
of  the  narrative  of  Aristeas  Procone8Us.who  made  a  journey  into  North- 
Eastern  Europe :  *'  The  obscurest  portion  of  his  narrative,  in  which  he 
iiiWs  us  tliat  the  Arimasps,  seeking  metals  in  the  extreme  north  of 
Europe,  'drew  forth  the  gold  from  under  the  Griffons,'  will  be 
found  to  be  at  this  moment  literally  true  in  one  sense,  if  we  only 
bear  in  mind  the  zoologically  erroneous  language  used  by  all  the 
inhabitants  of  the  Siberian  tundras.  By  comparing  numbers  of  the 
bones  of  antediluvian  pachyderms,  which  are  thrown  np  in  such 
quantities  on  the  shores  of  the  Polar  sea,  all  these  people  have  got 
so  distinct  a  notion  of  a  colossal  bird,  that  the  oompressed  and 
sword-shaped  horns,  for  example,  of  the  Rhinoceros  tichorkintiM, 
are  never  called,  even  among  the  Russian  promnishleniks  and 
merchants,  by  any  other  name  than  that  of  birds*  claws.  The 
indigenous  tribes,  however,  and  the  Yukagirs  in  peurticular,  go  much 
further,  for  they  conceive  that  they  find  the  head  of  this  mysterious 
bird  in  the  peculiarly  vaulted  cranium  of  the  same  Rhinoceros, 
its  quills  in  the  leg  bones  of  other  pachyderms,  of  which  they 
usually  make  their  quivers ;  but  as  to  the  bird  itself  they  plainly 
state  that  their  forefathers  saw  it  and  fought  wondrous  battles 
with  it :  just  as  the  mountain  Samoyedes  pi*eserve  to  this  day  the 
tradition  that  the  Mammoth  still  haunts  the  sea-shore,  dwelling  in 
the  recesses  of  the  mountains,  and  feeding  on  the  dead."  Erman 
goes  on  himself  to  suggest  that  this  Northern  tradition  preserves 
the  prototype  of  the  Greek  story  of  the  Griffons,  which  is  familiar  to 
readers  of  Herodotus,  and  perhaps  also  of  the  Amb  fable  of  the 
Roc.  The  gold  sand  is  still  found  under  the  earth,  and  peat 
containing  the  fossil -remains  of  these  Mammoth  and  Rhinoceros,  so 
that  the  metal-finders  of  the  Northern  Ural  did  literally  draw 
their  gold  from  under  the  Griffons  {op,  ciL  ii.  88  and  89). 
Again,  **  The  nomade  geologists  at  the  Icy  sea  have  arrived  at  the 
conclusion,"  he  says,  **  that  these  bones  are  the  talons  or  claws  of 
gigantic  birds,  which  were  more  ancient  than  the  Yukagir  tribe, 
and  in  former  times  fought  with  the  latter  for  the  possession  of  the 
tundras.  I  have  already  alluded  to  the  way  in  which  the  Mythus  of 
Northern  Asia  appears  to  have  been  transformed  into  the  Greek 
fable  of  the  Giiffons.  It  is  now  propagated  as  credulously  here  in 
Yakutsk,  as  it  formerly  was  by  Aristeas  and  Herodotus.  When  I 
told  them  of  the  Rhinoceros,  they  said  that  they  had  often  heard  all 
about  it,  but  that  they  always  called  the  bones  in  question  birds*. 


JS.  H.  Howortk'-The  Mammoth  in  Siberia.  411 

daws,  and  saw  no  reason  to  change  their  custom "  (id.  382). 
These  passages  enable  us  to  predicate  that  the  existence  of  the  great 
pachyderms  in  Siberia  was  known  in  Europe  before  the  time  of 
Herodotus. 

But  to  return  to  Harun-ar-Hashid.  It  is  clear  that  the  present 
he  sent  was  that  of  a  Narwhal's  tusk,  and  the  horn  of  a  fossil 
Hhinoceros.  There  can  be  little  doubt  the  former  as  well  as  the 
latter  came  from  Siberia,  for  although  it  is  not  mentioned  among  the 
animals  killed  in  the  seas  about  Nova  Zembla,  Schmidt,  in  his  recent 
jottmey  on  the  Yenissei,  saw  such  a  Narwhal's  tusk  in  the  possession 
of  a  fur  merchant  named  Satnikof  at  Dudmo,  which  had  been 
detached  and  sent  to  him  by  a  Samoyede.  The  presence  of  products 
of  the  Siberian  tundras  at  Baghdad  in  the  ninth  century  is  surely  a 
curious  fact,  of  which  we  have  other  evidence.  We  are  told  by  the 
early  Arab  geographers  that  Bolghari  on  the  Volga  was  in  the  ninth 
and  tenth  centuries  a  famous  mart  of  trade,  and  that  there  was  an 
active  traffic  between  it  and  Khiiarezm  or  Khiva.  They  go  on  to 
say  that  in  Bulgaria  (used  no  doubt  here  as  a  general  phrase)  were 
often  found  fossil  bones  of  an  immense  size.  One  traveller  reports 
having  seen  a  tooth  two  palms  in  width  and  four  in  length,  and  a 
skull  resembling  an  Arab  hut,  and  teeth  like  those  of  an  elephant, 
white  as  snow,  and  weighing  as  much  as  200  menus.  These  were 
transported  to  Ehuarezm,  and  there  sold  at  a  great  price.  Out 
of  them  were  made  vases,  and  other  objects,  as  was  done  from 
ivory  (D'Ohsson,  Abul  Casim,  80).  Samoyedes  still  carve  out  of 
Mammoths'  teeth  articles  for  their  sledges  and  drinking  cups.  The 
Yukagirs  use  slices  of  Rhinoceros  horn  to  strengthen  their  bows 
with  (Erroann,  ii.  86,  and  382).  and  in  the  Chnsty  collection  may 
be  seen  elaborate  figui*es  and  domestic  objects,  carved  out  of  Mam- 
moth ivory  by  thd  Yakuts.  The  Arabs,  so  far  as  we  know,  were 
the  first  people  who  developed  this  trade  in  fossil  ivory,  and  we 
thus  see  how  they  should  have  given  its  recognized  name  to  the 
Mammoth.  Fossil  ivory  as  a  curiosity  was  doubtless  known  much 
earlier.  Theophrastus,  a  contemporary  of  Alexander  the  Great,  in 
a  lost  work  on  stones,  as  quoted  by  Pliny,  mentioned  ivory  dug  out 
of  the  ground. 

Having  seen  how  early  these  Siberian  deposits  were  known  in 
Europe,  it  will  not  surprise  us  to  learn  that  they  were  known  also  in 
early  times  in  China.  When  Tilesius  wrote  his  famous  memoir  on 
the  Mammoth  found  by  Adams,  he  was  supplied  by  Klaproth  with 
some  curious  information  from  Chinese  sources.  He  says,  when  he 
was  at  Eiachtu  on  the  Chinese  frontier  in  1806,  he  learnt  from 
several  Chinese  that  Mammoths'  bones  were  known  to  them,  and 
were  called  Tien  shu  ya.  Teeth  of  the  Mouse,  Tien  shu.  On  turn- 
ing to  a  Manchu  dictionary,  he  found  the  statement  that  the  beast 
Fyn  shu  is  only  found  in  a  cold  region  on  the  river  Tutungian,  and 
as  far  north  as  the  frozen  ocean.  '*  The  beast  is  like  a  mouse,  but 
the  size  of  an  elephant.  It  shuns  the  light  and  lives  in  dark  holes 
in  the  earth.  Its  bones  are  white  like  elephant  ivory,  are  easily 
worked  and  have  no  fissures,  and  its  flesh  is  of  a  cold  nature  and 
very  wholeaome." 
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The  great  natural  history  written  in  the  sixteenth  century,  and 
entitled  Bun  zoo  gan  rom,  says — *'The  beast  Tien  shu  is  mentioned 
in  the  ancient  ceremonial  written  in  the  fourth  century  b.c.,  and  is 
called  Fyn  shu  and  In  shu,  %,e,  *  the  self-concealing  mouse.'  It  \% 
found  in  holes  in  the  ground,  has  the  appearance  of  a  mouse,  but  \% 
as  large  as  a  buffalo.  It  has  no  tail,  and  is  of  a  dark  colour.  Its 
strength  is  very  great,  and  it  digs  itself  holes  in  the  ground  in  hilly 
and  woody  places.  Another  writer  says  the  Fyn  shu  frequents  only 
dark  and  solitary  places,  and  dies  when  it  sees  the  rays  of  the  sun  or 
moon.  Its  feet  are  very  short  in  comparison  with  its  bulk,  so  that 
it  travels  only  with  difficulty.  Its  tail  is  about  a  Chinee  ell  long, 
its  eyes  very  small,  and  its  neck  crooked.  It  is  also  stupid  and 
inert."  In  a  great  flood  on  the  river  Tan  Shuan  in  1571,  many  Fin 
shu  appeared  on  the  plain  (Elaprath,  note  to  Tilesius,  Mems.  St 
Pet.  Acad.,  6th  ser.  vol.  6,  pp.  409 — 411).  These  notices  are  very 
curious,  since  they  show  that  the  Chinese  from  early  times  not  only 
were  acquainted  with  fossil  ivory  from  Siberia,  but  also  knew  of  the 
occurrence  there  of  Mammoths  with  their  flesh  and  skin  intact  The 
notion  that  they  were  still  living  underground  has  been  very 
generally  held  by  the  indigenes  of  Siberia,  and  is  a  natural  conclu- 
sion from  the  occurrence  of  the  bodies  in  such  a  perfect  state  of 
preservation.  I  have  already  quoted  the  statement  of  Erman  in  this 
behalf.  As  early  as  1731  we  find  llieodore  de  Hare,  in  his  Disser- 
tatio  et  Observationes  Sacrarum  Sylloge,  writes — "  de  Mammuth  seu 
Maman  quod  animal  in  regionibus  septentrionalibus  sub  terra  vivere 
referunt." 

Fatlier  Avril,  whose  narrative  I  have  already  referred  to, 
tells  us,  "  The  Russians  have  discovered  a  sort  of  ivory  which  is 
whiter  and  smoother  than  that  which  comes  from  India.  Not,"  he 
says  quaintly,  •*  that  they  have  any  Elephants  that  furnish  them  with 
this  commodity,  but  other  amphibious  animals  which  they  call  by 
the  name  of  Behemot,  which  are  usually  found  in  the  river  Lena,  or 
on  the  shores  of  the  Tartarian  sea.  .  .  .  Nor  are  elephanta'  teeth 
comparable  to  them,  either  for  beauty  or  whiteness,  besides  that  they 
have  a  peculiar  property  to  staunch  blood,  being  carried  about 
a  person  subject  to  bleeding.  The  Persians  and  Turks,  who  buy 
them  up,  put  a  high  value  upon  them,  and  prefer  a  scimitar  or 
a  dagger  haft  of  this  precious  ivory  before  a  handle  of  massy  gold 
or  silver."  Again  he  says — "  Nobody  better  understands  the  value 
of  this  ivory  than  they  who  first  brought  it  into  request,  cansidenng 
Jiow  they  venture  their  lives  in  attacking  the  creature  that  produces  tt, 
which  is  as  big  and  as  dangerous  as  a  crocodile,*^  From  a  Kussian, 
whom  Avril  calls  Mushim  Pushkun,  then  Vowoda  of  Smolensko, 
and  who,  he  says,  had  been  a  long  time  Intendaut  of  the  Goveni- 
ment  of  Siberia,  and  knew  the  countries  beyond  the  Obi  well,  he 
learnt  "  that  at  the  mouth  of  the  Lena  there  was  a  spacious  island 
very  well  peopled,  and  which  is  no  less  considerable  for  hunting  the 
Behemot,  an  amphibious  animal,  whose  teeth  are  in  great  esteem. 
The  inhabitants  go  frequently  upon  the  side  of  the  frozen  sea  to  hunt 
this  monster,  and  because  it  requires  great  labour  and  assiduity,  they 
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arry  their  families  asually  along  with  them  '*  (Avrirs  Travels,  i. 
.75 — 177).  This  notice  is  surely  very  curious,  apart  from  its  mere 
egends,  in  that  it  shows  that  the  Bear  Islands  off  the  mouth  of  the 
jena,  still  so  famous  for  their  deposits  of  Mammoth  ivory,  were 
mown  and  resorted  to  for  this  very  product  in  the  seventeenth 
lentury.  ^ 

Isbrand  Ides,  who  travelled  to  China  in  1692 — 95,  tells  us  that 
imong  the  Yakuts,  Tunguses,  and  Ostiaks,  it  was  reported  that 
he  Mammoth  continually,  or  at  least,  by  reason  of  the  very  hard 
roets,  mostly  live  under  ground,  where  they  go  backwards  and 
brwsoxls,  to  confirm  which,  he  says,  they  tell  us  that  when  one  of 
hese  beasts  is  on  the  march  and  after  he  is  past,  the  ground  sinks  in 
ind  makes  a  deep  pit.  They  further  believe,  he  adds,  that  if  this 
inimal  comes  near  the  surface  of  the  frozen  earth  so  as  to  smell  or 
liscem  the  air  he  immediately  dies,  whence  the  reason  that  several 
>f  them  are  found  dead  on  the  high  banks  of  the  river,  where  they 
mawares  came  out  of  the  ground  (Isbrand  Ides'  Travels,  p.  26). 

Strahlenberg,  who  wrote  a  few  years  later  than  Isbrand  Ides,  has 
i  long  article  on  Mammoths*  bones,  which  he  calls  Mamatowa-Eost. 
le  describes  them  as  found  at  the  mouths  of  the  Obi,  Yenissei,  Lena, 
Old  other  rivers.  He  says  they  generally  could  not  be  distinguished 
rom  ivory,  except  by  being  a  little  more  yellow,  caused  by  exposure 
o  the  air,  "  but  sometimes  they  are  of  a  brown  colour  like  cocoa-nut 
hells,  sometimes  of  a  blackish  blue,  from  the  same  cause.  If  the 
atter,"  he  says,  "  are  sawed  into  thin  leaves  and  polished,  one  may 
observe  upon  them  all  sorts  of  figures  of  landscapes,  trees,  men,  and 
)easts,  which  likewise  proceeds  from  the  decay  of  these  teeth,  caused 
ly  the  air.  ...  A  great  many  of  these  teeth,  which  are  white, 
kre  carried  for  sale  to  China."  In  discussing  the  kind  of  animal  to 
vhich  they  belonged,  he  says — "  That  they  were  amphibious 
sreatures,  which  is  currently  believed  by  the  Siberian  populace,  I 
lave  always  looked  upon  it  to  be  a  fable,  nor  have  I  ever  met  with 
wo  accounts  of  that  matter  which  were  of  a  piece  "  {op,  ciL  402 — 
W4). 

Bell,  whose  travels  through  Russia  were  published  in  1788,  says, 
hat  on  the  banks  of  the  Obi,  near  Surgut,  were  found  great 
[uantities  of  fossil  ivory.  Some  of  it,  he  says,  is  also  found  on  the 
)anks  of  the  Yolga,  and  adds  that  the  vulgar  really  imagine  it  is  still 
iving  in  the  marshes  underground,  and  that  the  Tartars  tell  many 
ables  of  its  having  been  seen  alive.  The  Commandant  of  Surgut 
lad  his  entry  ornamented  with  several  very  large  tusks,  of  which  he 
^ve  Bell  one.  Bell  adds,  he  had  been  told  by  the  Tartars  in  the 
Saraka  that  they  had  seen  this  creature  at  dawn  of  day  near  lakes 
md  rivers,  but  on  discovering  them  it  always  tumbled  into  the  water 
md  never  appeared  in  the  daytime.  They  described  it  as  of  the  size 
>f  an  elephant,  with  a  monstrous  large  head  and  horns,  with  which 
le  made  his  way  in  marshy  places  and  under  ground,  where  he 
X}ncealed  himself  until  night. 

The  notion  has  survived  down  to  our  own  day.  A  meeting  of  the 
imerioan  Association  for  the  Promotion  of  Science,  a  few  days  ago. 
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was  startled  by  news  that  Mammoths  were  still  living,  and  that  a 
Cossack  had  traced  some  to  their  haunts.  This  sensational  news, 
I  need  not  say,  was  not  confirmed. 

I  notice  that  Mr.  Skertchly,  in  his  recent  work  on  the  Fen 
distnct,  in  which  he  has  embodied  so  mnch  valuable  and  interestmg 
information,  has  gravely  suggested  that  it  is  possible  Mammodis 
may  have  been  living  quite  recently  in  Siberia,  grounding  bit 
argument  on  the  above-quoted  passage  of  Bell.  I  need  not  ny 
that  no  Russian  naturalist  holds  such  a  view,  and  that  the  popular 
legends  are  undoubtedly  the  natural  outcome  of  the  remains  of 
these  huge  beasts  being  found  under  such  curious  conditions.  The 
nature  of  these  conditions,  and  the  very  interesting  light  they  throw 
upon  the  most  recent  geological  changes  in  the  Northern  hemi* 
sphere,  we  will  discuss  in  another  paper.  Here  it  will  have  sufficed 
to  collect  the  evidence  showing  how  very  early  and  widespread  was 
the  knowledge  of  the  existence  of  the  Mammoth,  and  to  report  some 
of  the  curious  legends  which  the  indigenes  of  Siberia  have  built  op 
out  of  it. 

v.— On  the  inoludvd  Psbblss  of  ths  Upfhi  Nsooohiak  Sahim  ov 
THK  South-£abt  of  Englamd,  bspsciallt  those  of  the  Upwari 

AND  POTTON  PeBBLB  BeDS.' 

By  Walter  Ebspino,  M.A.,  F.O.S^ 
Lecturer  on  Geology  in  the  Uniyersity  of  Cambridge. 

IT  has  often  appeared  to  me  that  in  working  out  the  ancient  physical 
features  of  the  earth  in  former  periods  of  its  history,  too  little 
attention  has  been  given  to  one  simple  set  of  evidences  which  are  of 
wide- spread  occurrence,  and,  frequently,  of  very  clear  and  decided 
meaning.  I  refer  to  the  included  rock -fragments  of  oonglomeratio 
deposits.  An  appeal  to  these  fragments  would,  I  believe,  often 
bring  out  clearly- written  facts  of  no  small  value  for  the  elucidation  of 
the  nature  of  ancient  sea-margins,  as  compared  with  the  much- 
involved  palseontological  evidences  with  which  we  are  made  so  much 
more  familiar. 

Any  particular  rock  exposed  along  the  coast-line,  or  brought  down 
to  the  sea  by  rivers,  becomes  more  or  less  wide-spread  along  the 
shores  and  over  the  scabbed  as  it  is  rolled  into  pebbles  by  the  action  of 
marine  tides  and  currents,  and  scattered,  it  may  be,  by  floating  agents ; 
and  thus  a  series  of  pebbles  in  geological  deposits  shows  the  nature 
of  the  old  sea-cliffs  and  neighbouring  lands,  and  may  serve  to  prove 
the  original  physical  continuity  of  deposits  now  completely  isolated. 

Also  a  further  interest  attaches  to  these  fragments  as  relics,  scanty 
it  may  be,  of  those  great  masses  of  rock-formations  which  have  beeli 
destroyed  by  the  denudations  of  past  ages. 

Bearing  in  mind  these  interests,  a  series  of  pebbles  has  been 
gathered  together  by  Prof.  Hughes  and  Prof.  Bonney,  myself,  aud 
other  geologists  from  the  Neocomian  Pebble  beds  of  Upware  (near 
Cambridge),  Potton  (Beds),  and  elsewhere,  the  results  of  which  are 
embodied  in  the  following  account.  To  Professor  Bonney  I  am  par- 
^  Eefid  before  the  Cambridge  Phikwophioal  Society,  May  3,  1880. 
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ticularly  indebted  for  the  generoas  gift  of  his  notes  already  written 
upon  this  subject 

The  Potton  and  Upware  Nodule  beds  have  been  already  described 
by  Professors  Bonney  and  Seeley,  Mr.  Teall  and  Mr.  Walker,  and  it 
is  sufficient  here  to  state  that  the  deposit  is  a  pebble  bed  or  (when 
hardened  by  carbonate  of  lime  or  limonite)  conglomerate,  with  a 
matrix  of  quartz  sand,  usually  ferruginous,  sometimes  shelly  and 
calcareous. 

The  great  mcgority  of  the  pebbles  are  the  phosphatio  nodules  or 
'  coprolites '  themselves,  for  the  extraction  of  which  the  bed  has  been, 
worked  for  the  last  ten  or  twelve  years.  These  are  of  various  ages, 
principally  Upper  Jurassic,  but  some  of  them  are  fragments  of  older 
Neooomians  which  were  saturated  with  phosphate  in  the  Upper 
Neocomian  sea ;  none  of  them  are  proper  to  the  bed  itself.  But 
besides  these  there  is  a  scattering  of  other  pebbles  and  rock-frag- 
Bients,  devoid  of  phosphate,  which  in  the  course  of  the  workings  are 
separated  out  by  hand  picking  and  thrown  aside ;  and  it  is  to  these, 
as  being  but  little  known,  though  of  peculiar  interest,  that  we  would 
now  call  particular  attention.    The  following  are  found : — 

1.  Fragments  of  older  Cretaceous  rocks ;  mostly  a  dark-coloured, 
nearly  black,  ferruginous  grit  rock  ^  occurring  in  irregular  fragments 
often  as  much  as  three  inches  across.  It  contains  numerous  casta 
of  Neocomian  fossils,  CucvMaa  danningionen^a  (MS.),  Cardium  suh^ 
hiUanum,  etc.  Boiled  fragments  of  the  Wealden  Endogenitea  are  also 
not  infrequent  in  the  Potton  sands,  and  I  have  lately  found  it  at 
Upware. 

2.  Pebbles  from  various  Jurassic  rocks,  such  as  rolled  fragments 
of  limestone  and  chert,  which  have  doubtless  come  from  many  of 
the  Lower  Oolites;  argillaceous  limestone,  which  may  have  been 
derived  from  concretions  in  Eimmeridge-clay  or  Oxford-clay,  or  even 
from  the  Lower  Lias ;  and  arenaceous  rocks  such  as  occur  sometimes 
in  the  Lower  Oolites  of  the  Midlands. 

One  large  pebble  of  pale  yellow  sandstone  (3  inches  diam.)  has 
yielded  a  few  fossils  ;  namely,  a  mytiloid  shell,  and  a  transverse 
l^valve  of  doubtful  affinities.  The  age  of  the  rock  is  uncertain,  but 
the  balance  of  opinion  would  refer  it  to  some  part  of  the  Jurassic 
period.     Fragments  of  chert  from  these  rocks  are  described  below. 

Besides  these  however,  we  find  the  following,  obviously  from  a 
more  ancient  source  : — 

3.  Small  pebbles  from  about  the  size  of  a  filbert  downwards  to  a 
kempseed.  These  are  abundant,  so  that  often  a  dozen  or  more  may 
be  detected  upon  the  face  of  a  hand-lump  of  the  phosphate  rock. 
Quartz,  apparently  vein-quartz,  is  not  uncommon  ;  but  the  majority 
are  angular  or  subangular  fragments  of  hard,  highly  siliceous,  fine- 
grained rocks,  mostly  dark  coloured,  many  of  which  are  simply  chert, 
resembling  that  common  in  the  Mountain  Limestones  of  Derbyshire, 
the    rest    being    highly   indurated   argillites    (Lydian    stone    and 

1  This  rock,  and  its  fossils,  are  described  more  fully  in  another  work  on  '*  The 
Fossils  and  PalsBontoloeical  Afl^tiesof  the  Neocomian  Deposits  of  Upware  and  Brick- 
hill/'  not  yet  published. 
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Halleflinta).     These  Lydian  stones  are  often  banded  by  zones  of 
different  colour,  texture,  and  hardness. 

4.  Larger  pebbles  (i.e,  diameter  more  than  an  inch).  These  are 
much  rarer,  probably  not  more  than  one  per  cent  of  the  whole.  The 
following  have  been  collected  at  Potton,  and  may  now  be  seen  in  the 
Woodwardian  Museum. 

a.  Vein-quartz. — ^These  are  the  most  common,  fiye  or  six  of  them 
being  found  to  one  of  the  rest.  They  are  fairly  well  rounded,  and, 
as  a  rule,  do  not  exceed  three  inches  in  diameter.  Traces  of  metallic 
ores  are  sometimes  seen  in  them. 

b.  Fragments  of  hsurd  vein-breceia ;  slaty  and  quartzose  varieties, 
sometimes  with  geodic  cavities. 

c.  Quartzite.  —A  very  compact,  hard,  light-coloured  variety,  much 
resembling  that  from  the  Bunter  conglomerates.  These  do  not 
attain  quite  the  size  of  the  others. 

d.  An  angular  fragment  of  white  saccharoidal  quartzite  measuring 
4  X  2^  X  2^  inches,  spotted  with  pale  pink  felspar  crystals,  ancL 
imperfectly  laminated  with  layers  of  white  mica. 

e.  One  specimen  only.     A  subangular,  dark-coloured  pebble  oC 
fine-grained,  altered  grit,  with  veiny  patches  of  quail-z. 

/.  Altered  Grit. — A  fine  quartzo-felspathic  grit  of  dark  colour  with- 
small  black  specks — much  resembling  some  of  the  grit  in  the  Lower' 
Cambrians  of  Wales.     Two  specimens  found  ;  the  largest  is  a  lon^ 
pebble  with  the  greatest  diameter  about  3J  inches.     Prof.  Bonnejr' 
states  that  in  his  specimen  are  several  groups  of  minute  belonites. 
much  resembling  tourmaline. 

g.  Hard  sandstone  so  indurate  as  to  be  almost  a  quartzite ;  lights 
yellowish  or  whitish  colour.  These  attain  a  somewhat  greater  siz^ 
than  (a) ;  they  have  evidently  been  a  good  deal  rolled,  but  are  mor9 
irregular  in  shape.  They  appear  identical  with  a  rock  common  in. 
the  Cambridgeshire  drift,  which  comes,  I  believe,  from  the  Carbon- 
iferous series. 

h.  Indurated  shale  and  Lydian  stone.  —  Most  of  the  fragments 
which  have  hitherto  been  designated  Lydian  stone  are,  I  believe, 
more  correctly  chert.  We  have,  however,  met  with  some  which 
appear  properly  to  belong  to  this  group  of  highly  altered  rocks. 

t.  Well-rounded  oval  pebbles  of  pale  yellow,  fine-grained  argil- 
laceous sandstone,  sometimes  micaceous  and  thinly  laminated. 

h  An  irregular,  oblong  fragment  of  Cambrian  or  Silurian  pale  slate 

measuring  2^  x  1^  X  f  inches,  its  contours  sharply  angular  and 

joint-hacked.     It  is  made  up  of  two  distinct  zones  of  rock  : — (1),  a 

pale  olive-coloured    soft  shaly  rock,  really  a  slate,  splitting  at  a 

high  angle  across  the  plane  of  the  fossils ;  and  (2),  a  half-inch  of 

fine-grained    felspathic,   ash-like  grit  crowded   with  fossils.      The 

specimen  has  now  been  broken  up  and  I  am  able  to  identify  from  it — 

Favosites  Jibro9U8^  Tar.  ramulosus,  Phillips. 
Orthis  ekgantula,  Dalman. 
,,      testudinaria,  Dalman? 
,,      biforattty  Sclilotheim. 
Strophomenay  sp.  (same  as  one  from  the  Dalquorhan  sandstones ;   ^/404,   of  the 
Cambridge  Catalogue). 
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I,  Chert — These  fragments  also  not  seldom  exceed  (a)  in  size,  and 
are  more  distinctly  subangnlar  in  form,  being  sometimes  rude 
parallelepipeds  with  rounded  sides  and  angles.  Colour  pale  grey 
to  almost  black ;  also  red  and  yellow.  Several  distinct  types  occur 
which  prove  to  be  of  two  different  ages,  namely,  Carboniferous  and 
Jurassic.  The  majority,  I  believe,  have  come  from  the  Mountain 
Limestone,  for  we  find  in  them  numerous  fragments  of  Crinoid 
ossicles  (arm  joints,  and  round-sectioned  columns),  minute  shells, 
Athyris,  Polyzoa,  large  sponge  spicules  and  (?)  Chatetes.  These  are 
white,  grey,  or  black-coloured ;  opaque  or  translucent.  But  others, 
for  the  most  part  of  reddish  yellow  colour  and  opaque,  or  but 
slightly  translucent,  are  Jurassic,  yielding  muricated  Cidaris  spines 
fraj^ents  of  shells  and  hinge  of  Inoeeramua;  Fecten,  and  other, 
Lamellibranchs.^ 

m.  A  pebble  in  the  cabinet  of  Profl  Bonney,  who  thus  describes 
it:— 

''  Bemtrified  Pitchstone. — This  remarkable  specijnen  was  found  by 
Miss  Forster,  of  Newnham  Hall.  In  form  it  was  a  flattened  pebble 
rather  compressed  on  one  side,  about  8f  by  ^''  diameter,  and 
nearly  1|''  in  greatest  thickness.  When  brought  to  me  it  had  been 
broken  into  two,  the  fresh  surfaces  showing  a  perfectly  compact 
structure  of  pale  pinkish-buff  colour  marbled  with  vein-like  mark- 
ings, a  few  specks  of  quartz  being  also  visible.  It  was  evident  that 
the  markings  very  closely  resemble  a  fluidal  structure,  and  the  rock 
a  Bhyolite.  Hoping  to  place  this  beyond  doubt,  I  had  a  thin  section 
out,  and  then  found  that  the  structure  was  very  similar  to  that  of 
some  of  the  "  devitrified  Pitchstones  "  described  by  Mr.  S.  Allport 
With  transmitted  light  it  seems  to  be  a  tolerably  clear  glass,  in 
which  is  a  quantity  of  opaque  dust, — red  with  reflected  light,  and 
probably  Fefi^, — which  is  often  aggregated  in  wavy,  cloud-like  irre- 
gular bands.  There  are  a  few  larger  grains  of  the  same.  With 
crossed  Nicols  the  glass  breaks  up  into  the  usual  mosaic  of  light 
and  dark  granules  of  a  rather  irregulsu:  form  characteristic  of  a 
devitrified  glass.  It  has  some  resemblance  to  fragments  in  certain 
of  the  Chamwood  agglomerates,  but  a  still  closer  to  slides  cut  from 
devitrified  pitchstones  ^m  the  Wrekin,  to  which  (allowing  for  the 
paler  colour)  it  has  to  the  eye  a  considerable  likeness.  It  must, 
however,  be  admitted  that  macroscopically,  and  to  some  extent 
microscopically,  the  rock  resembles  a  specimen,  given  to  me  by  Dr. 
Hicks,  from  Treffgam  (Pembrokeshire),  which  Mr.  T.  Davies  con- 
siders of  sedimentary  origin.  Still,  though  the  above-described  is  a 
little  anomalous,  I  think  it  more  likely  to  be  a  true  igneous  rock.  I 
have  lately  found  another  pebble  of  the  same  kind.'' 

At  Upware  the  larger  pebbles  are  much  rarer  than  at  Potton,  only 
a  very  scanty  sprinkling  of  2-inch  pebbles  being  seen  upon  the 
heaps  of  rejected  rubbish.     The  phosphatic  masses  themselves  are 

*  Jurassic  chert  occurs  in  En^and  in  the  Piu-heck  and  Portland  heds  of  Wiltshire 
ftnd  the  Isle  of  Portland.  Mr.  E.  B.  Tawney  tells  me  of  heds  of  chert  in  the  Lower 
Lias  of  Glamorganshire ;  and  in  the  North  of  England  Mr.  J.  F.  Walker,  of 
Sidney  College,  lundly  refers  me  t^  sach  deposits  in  the  Coralline  Oolite  near  Malton. 

DECADB  U. — YOL.  vn.— MO.  IX.  T\ 
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also  markedly  smaller  at  Upware,  bo  that  there  is  much  reason  to 
believe'  we  are  here  further  from  the  source  of  the  pebbles  than  at 
Potton. 

Amongst  the  non-phosphatic  fragments  we  find  the  same  tile-like 
fragments  of  ironstone,  pebbles  of  dark  grit,  and  other  relics  of  an 
older  Neocomian  deposit  as  at  Potton ;  of  the  Jurassic  rocks,  frag- 
ments from  the  underlying  Coral  Rag  are  most  conspicuous,  especially 
in  the  basement  bed.  Of  the  pebbles  of  more  ancient  rocks  we 
also  find  the  same  prevailing  types  as  at  Potton  ;  vein-quartz  and 
quartzite  are  especially  abundant,  also  chert  of  many  varieties.  The 
indurated  argillites  are  also  common,  and  jasper  is  occasionally  found. 

Some  fragments  of  a  pale  micaceous  laminated  grit  occur,  which 
may  well  have  had  the  same  origin  (Upper  Cambrian  or  base  of 
Silurian,  Sedgwick)  as  the  specimens  t  and  k  from  Potton. 

Other  Localities. —  Following  the  outcrop  of  the  Upware  and 
Potton  ironsand  series  southwards  to  Brickhill  and  Farringdon,  the 
same  small  pebbles  of  quartzite,  chert,  and  Lydian  stone  occur,  vein- 
quartz  being  most  abundant  at  the  latter  place.  Again,  at  Oodal- 
niing  and  Folkestone  quartz  pebbles  are  abundant,  and  the  **  dark- 
coloured  shiny  stones  "  of  Mr.  Meyer  ^  appear  to  be  our  cherts  and 
Lydian  stones.  In  the  Lower  Greensand  of  Redcli£fe  and  8hankliu, 
Isle  of  Wight,  there  occur  irony  grit,  compact  quartzite,  reddish 
quartzite  and  jasper. 

Thus  we  find  that  a  certain  set  of  pebbles  characterizes  the  Upper 
Neocomian  beds  of  the  East  and  South  of  England.  A  more 
remarkable  fact  is,  that  in  the  Neocomian  rocks  of  North  Germany 
we  again  find  the  same  set  of  pebbles,  including  the  characteristic 
subaugular  polished  chert  fragments  and  the  phosphatic  nodules. 
The  Neocomian  rocks  of  Berklingen  and  Shoeppenstadt,  near  Bruns- 
wick, contain  beds  of  calcareous  conglomerate  with  phosphutio 
nodules,  irony  fragments,  and  subangular  chert,  scarcely  distinguish- 
able in  general  appearance  from  the  Upware  conglomerate. 

The  Portlandian  conglomerate  of  the  country  around  Swindon 
must  also  be  noticed  here,  on  account  of  its  included  pebbles.  This 
bed,  which  is  well  seen  on  Bourton  Hill,  is  a  calcareous  conglome- 
rate with  scattered  pebbles  very  similar  in  appearance  to  the  Upware 
conglomerate.  The  pebbles  are  almost  exclusively  chert,  mostly 
dark  coloured,  some  jaspery.  I  have  not  been  successful  in  the 
search  for  organisms  in  them  under  the  microscope.  Pebbles  of 
syenite,  greenstone,  chert  (?)  and  other  rocks  are  described  from  the 
Conglomerate  beneath  the  Gault,  discovered  in  the  Kentish  Town 
Boring. 

The  original  homes  of  the  pebbles. — In  the  impublished  work  before 
referred  to,  I  discuss  the  origin  of  the  phosphatic  and  other  Neoco- 
ntiau  pebbles,  and  come  to  the  conclusion  that  while  some  of  them 
(Ammonites  deshayesii,  EndogeniteSf  as  also  many  of  the  indigenous 
species)  seem  to  be  of  southern  origin,  others,  namely,  the  dark  grits 
with  fossils,  point  to  northern  deposits,  such  as  the  Lower  Neoco- 
mian sands  of  Tealby,  as  their  original  home. 

^  Geo],  Assoc.  Report,  Dec.  4,  1868. 
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A  glance  at  the  map  will  show  that  the  Upware  and  Potton  beds 
rest  upon  members  of  the  Upper  and  Middle  Oolites,  and  most  of  the 
Jurassic  pebbles,  phosphatio  or  otherwise,  are  doubtless  of  local 
origin.  Bat  some  of  the  Portlandian  masses  with  Cyrena  (?)  rugbsn^ 
etc.,  are  decidedly  southern,  identical  with  the  Swindon  Portlandians ; 
and  a  particular  set  of  shells,  including  Fholadomya  tumida,  Ag.,  and 
Myoconcha  porUandica,  Blake,  are  remarkable  as  occunnng  also  as 
derived  fossils  in  a  band  of  the  Portlandian  group  at  Swindon.^ 

Bunter  beds,  capable  of  furnishing  pebbles  such  as  many  of  our 
quartzites,  and  likely  to  have  been  exposed  at  that  time,  lie  roughly 
between  two  lines  drawn  N.  and  N.W.  from  Potton.  The  hard 
sandstone  pebbles  g,  are  likely  to  be  from  the  Coal-measures,  and 
many  of  the  remainder  are  probably  of  Silurian,  Cambrian,  and  pre* 
Cambrian  ages. 

The  set  of  fossils  in  the  pale  slaty  pebble  k,  points  to  the  Bala  or 
the  May  Hill  group;  the  general  appearance  of  the  rock  being 
nearest  to  the  Shropshire  Oaradocs ;  but  it  is  more  perfectly  cleaved 
than  the  Onny  river-beds.  This  occurrence  of  Lower  PalaBozoic  fossil s 
is  also  of  value  as  supporting  evidence  of  the  nature  of  the  indurated 
argillites  or  Lydian  stones  A,  many  of  which  closely  resemble  the 
more  earthy  varieties  of  dsurk  chert.  Many  of  the  quartzites  c,  and 
the  rhy elite  »,  are  probably  of  similar  primaeval  date.  We  have 
already  seen  that  the  chert  was  derived  from  both  the  Carboniferous 
and  Jurassic  periods. 

Ip  reilteoning  from  these  materials  concerning  the  details  of  their 
accumulation,  it  is  of  the  first  importance  to  determine  wliether  the 
pebbles  were  obtained  directly  from  the  parent  rock  in  Neocomian 
times,  or  only  indirectly  from  earlier  pebble  beds ;  and,  again,  we 
must  consider  wether  they  were  carried  to  their  present  positions 
solely  by  marine  currents,  or  had  been  brought  down  from  the  land 
by  rivers.  Some  of  the  quartzites  are  like  those  of  the  New  Red 
Sandstone  pebble  beds,  and  were  probably  thus  derived,  but  the 
majority  of  the  rocks  are  not  similar  to  those  of  common  occurrence 
in  the  older  conglomerates.'  In  connexion  with  the  abundant 
angular  chert  fragments,  a  specially  noteworthy  fact  is  the  absence 
of  any  trace  of  the  mother-limestone  itself;  and  yet  the  Mountain 
Limestone  is  a  very  durable  rock  under  wave  action,  and  there  is 
nothing  in  the  Upware  deposit  to  hinder  the  preservation  of  any 
included  calcareous  fragments. 

Perhaps  the  best  evidence  of  the  direct  origin  of  some  of  the  older 
pebbles  is  the  fragment  of  fossiliferous  Lower  Palaeozoic  rock,  whose 
very  angular  contour  excludes  any  theory  of  repeated  transport. 

The  general  physical  features  of  the  Neocomian  period  are  pretty 
well  known,  and  an  outline  of  some  of  these  facts  will  here  be  of 
service  to  ns  in  discovering  the  source  of  the  more  ancient  pebbles. 

^  See  Blake  on  the  Portlandian  rocks  of  England,  read  before  the  Geological 
Society,  Januair,  1880. 

'  It  is  indeed  remarkable  that  in  the  New  Red  Sandstones  we  know  of  no  such 
accomulations  of  chert  pebbles,  derived  from  the  Mountain  Limestone,  to  correspond 
with  the  abundant  flint  pebble  and  gravel  beds  of  Tertiary  and  modem  times.  1  here 
must  surely  be  some  such  deposits  somewhere  hidden  in  the  New  Ked. 
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The  present  westerly  line  of  shallow  water,  sand  and  pebble  beds, 
marks  closely  enough  the  ancient  west  ooast-line.  The  Northern 
Neocomian  Sea  (Anglo-Germanic),  extending  E.  and  W.  from 
Yorkshire  to  Brunswick  was  freely  open  to  the  north,  but  gradually 
shallowed  to  the  south  over  Norfolk  and  Cambridge,  till  it  beat  upon 
tlie  shores  of  the  ancient  east  and  west  ridge  of  Paleeozoio  rocks  (the 
Harwich  axis),  now  hidden  under  the  Cretaceous  and  Tertiary  deposits. 
By  gradual  depression  and  denudation  this  ridge  came  to  form 
only  an  imperfect  barrier,  perhaps  a  scattered  chain  of  islands 
marking  o£f  the  Northern  Sea  from  the  Southern  (or  Anglo-Parisian) 
basin,  the  two  seas  surging  together  through  newly-made  channels.' 
It  is  to  this  old  ridge  that  I  look  for  the  origin  of  most  of  the  more 
ancient  pebbles  found  in  our  Neocomian  deposits ;  as  well  from  the 
inadequateness  of  other  theories  as  from  the  likelihood  of  such  a 
source  of  supply  in  itself. 

The  other  rock  surfaces  of  the  period  can  be  restored  with  some 
certainty.  The  rocks  of  the  country  to  the  west  of  the  Upper 
Neocomian  shore-line  were  of  much  ^e  same  general  character  as 
at  present.  The  same  series  of  Jurassic  rocks  overspread  the 
country  to  the  north-west  and  south-west,  only  ranging  further  west 
tlian  at  present ;  and  the  New  Red  Sandstone  was  also  more  wide- 
spread than  now.  The  Mountain  Limestone  of  Derbyshire  and  the 
ancient  rocks  of  Chamwood  were  also  to  some  extent  exposed. 
Now,  regarding  this  country  as  a  source  of  pebble  supply,  we  find 
a  large  area  of  Jurassic  and  New  Ked  rocks,  and  single,  isolated, 
and  distant  patches  of  primary  rocks.  But  looking  at  the  pebbles 
ill  the  Up  ware  and  Potton  sands,  we  find,  after  eliminating  the 
Upper  Jurassic  fragments  of  local  cliff  origin,  that  the  older  Jui-assio 
and  Kew  Ked  pebbles  are  but  scantily  represented,  while  Mountain 
Limestone  chert,  and  other  older  Palseozoic  rocks  are  abundant 
The  Derbyshire  Mountain  Limestone  is,  therefore,  1  believe,  utterly 
inadequate  as  a  source  of  supply  for  the  quantity  of  chert  in  our 
Neocomian  deposits,  and  still  less  was  the  Chamwood  inlier  capahle 
of  supplying  the  quantity  of  Lower  Palaeozoic  pebbles. 

The  pebble  bed  discovered  in  the  Kentish  Town  deep-boring  tends 
.  further  to  show  that  many  of  the  more  ancient  rock  fragments  were 
not  derived  from  any  existing  exposure.  There,  nearly  thirteen  feet 
below  the  base  of  the  Gault,  occurs  a  **  hard  red  conglomerate,  with 
pebbles  of  syenite,  greenstone,  trap,  quartz,  homstone,  red  claystone 
porphyry,  and  fossil iferous  schist  from  the  size  of  a  marble  to  that  of 
a  cannon  ball."  Some  of  the  lower  beds  also  contained  pebbles, 
})ut  these  are  small.  White  quartz  is  named  as  the  material  of  these 
in  one  case,  and  small  angular  fragments  of  chert  (?)  in  another.^ 
And  these  beds  probably  rest  upon  the  old  Palasozoio  ridge. 

But  little  of  the  constitution  of  this  ancient  ridge  and  barrier  has 
yet  been  directly  revealed.  Its  date  being  Post-Carboniferous,  wq 
should  naturally  expect  large  exposures   of  Mountain   Limestone 

^  In  earlier  Cretaceous  times  (I^wer  Neocomian)  tiie  two  seas  could  haTe  com- 
municated only  by  their  common  union  with  the  Atlantic  in  the  west. 
''^  Mem.  Geol.  Survey,  vol.  iv.  p.  498. 
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along  its  boundaries ;  and  I  regard  the  chert  pebbles  above  described 
as  relics  of  such  rooks,  they  having  been  separated  out  from  the 
mother-limestone  by  the  delicate  sifting  power  of  running  water. 
llie  shaly  rocks  of  the  Harwich  deep  boring  probably  belong  like- 
wise to  the  Carboniferous  period,  and  those  of  Meux*8  Brewery  are 
true  Devonian.  The  recent  deep  boring  at  Tumford  also  discovered 
Devonian  rocks,  and  that  at  Ware  Silurian  (Wenlock  Limestone), 
and  the  relations  of  these  beds  are  such  that,  as  Mr.  Etheridgo 
writes,  "  Should  the  dip  of  these  Hertfoixlshire  Silurians  prove  to 
lie  to  the  south,  we  may  anticipate  the  more  ancient  series  further 
north  towards  Cambric^e."*  The  dip  of  the  Hertfordshire  Silurians 
ts  proved  to  lie  to  the  south,  and  thus  we  find  the  details  of  the 
ancient  barrier,  so  far  as  yet  known,  strongly  supporting  our 
independent  conclusions  that  the  more  ancient  Palseozoio  pebbles 
were  derived  from  this  source.  And  at  this  period  the  old  dividing 
ridge  must  have  been  suffering  active  marine  denudation  from  waves, 
and  the  wash  of  strong  currents  between  the  two  N.  and  S.  seas ; 
the  advancing  waters  steadily  widening  the  gaps  in  the  old  barrier 
lEis  it  gradually  disappeared  beneath  the  sea  surface.  The  conditions 
were  therefore  peculiarly  favourable  to  the  formation  of  pebble  beds, 
and  then  it  was  that  our  Up  ware  and  Potton  pebbles  were  formed, 
the  Jurassic  ones  mainly  fVom  the  western  shores  in  Cambridgeshire 
and  Bedfordshire,  and  the  Carboniferous  and  older  Paleeozoic  from 
the  destruction  of  the  ancient  barrier.'  The  Rhyolite  pebbles  may 
have  been  obtained,  like  many  of  the  quartzites,  indirectly  through 
the  New  Red  Sandstone. 

liastly,  inquiring  what  we  can  learn  from  these  fragments  as 
relics  of  beds  since  destroyed  by  denudation,  we  find  the  Jurassic 
chert  pointing  to  the  former  existence  of  Jurassic  limestone  near  to 
this  area,  and  the  abundance  of  Mountain  Limestone  chert  proves 
A  great  denudation  of  the  Carboniferous  formation.  But  little 
evidence  appears  bearing  upon  the  question  whether  Coal-bearing 
beds  now  form  part  of  the  Palaeozoic  ridge ;  but  the  more  ancient 
pebbles  testify  to  the  existence  of  the  older  Silurian  and  Cambrian 
rocks  beneath  the  Cretaceous  series  near  Cambridge,  as  independ- 
ently predicted  by  Mr.  Etheridge. 

The  almost  exclusive  presence  of  chert  in  the  Portlandian  pebble 
beds  of  Berkshire  suggests  that  only  the  Carboniferous  rocks  were 
exposed  to  denudation  in  Upper  Jurassic  times,  the  Mountain  Lime- 
stone wrapper  being  not  yet  eaten  through  so  as  to  expose  the  more 
ancient  core- rocks  of  the  axis. 


VI. NOTK   ON   THE  WeLL   LATELY   SUNK  AT  WOKINGHAM,  BkRKS. 

By  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.S. 

HAVING  been  favoured  by  Mr.  T.  M.  Quill,  who  has  of  late 
successfully  completed  an  artesian  well  at  Wokingham,  with 
opportunities  of  examining  the  specimens  brought  up  from  the  well, 
and  with  bis  own  notes  on  the  progress  and  results  of  the  boring, 

^  Popular  Science  Review,  1879,  toI.  iii.  p.  293. 

'  Mr.  J.  J.  Harris  Teall  suggested,  in  1875,  that  the  Lydian  stone  came  ttQ\ss^ 
Paleozoic  rocks  to  the  east—Sed^mQ^  Prize  Essay,  V875,  tJ.  ^^. 
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I  liAve  drawn  up  a  tabular  statement  of  the  strata  pierced  on  tbat 
occasion.  The  well  was  begun  in  May,  1879,  in  the  London  Clay, 
on  the  low  ground  at  the  foot  of  the  hill  of  Bagsbot  Sand  oa 
which  Wokingham  stands,  near  the  junction  of  the  S.W.  and  S.E1. 
Bail  ways.  A  6-foot  shaft  was  sunk  for  264  feet,  penetrating  the 
London  Clay ;  a  24-inch  pipe,  through  6|  feet  of  sand  and  clay  of 
the  ''Basement  Bed,"  then  reached  a  water-bearing  sand  of  the 
snme  series ;  and  a  pipe  (16-inch)  and  bore-hole  were  oontinned  for 
138  feet,  down  to  408  feet,  at  a  level  of  64  feet  in  the  Chalk,  where 
an  abundant  supply  of  water  was  obtained.  The  16-inch  pipe  was 
sunk  to  355  feet,  having  sunk  several  feet  in  the  Chalk  by  its  own 
weight  (18  tons)  on  the  cutting  edge  of  its  "shoe."  From  355  feet 
down  to  408  feet,  a  15-inch  bore-hole  was  made  in  the  solid  Chalk 
and  flints,  without  any  pipe  to  line  it  The  pipe  traversed  the  lower 
part  (3^  feet)  of  the  "  Basement  Bed  of  the  London  Clay,"  54J  feet 
of  mottled  clays  and  sand  of  the  ''Woolwich  and  Beading  Series" 
(with  water  in  sand  at  295  feet),  and  16  feet  of  the  sands  and 
'*  Bottom  Bed  "  of  that  formation,  before  it  entered  the  Chalk.  No 
Oyster  shells  were  observed  in  the  "  Bottom  Bed."  The  grey  colour 
attributed  to  the  upper  portion  of  the  Chalk  (at  344'  to  352^)  may 
have  been  caused  by  the  admixture  of  greenish  sand  occupying 
perforations  in  the  Chalk,  as  in  other  parts  of  Berkshire. 
The  following  are  the  details : — 


At  top  1  foot  of  surface  soil. 
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strata  passed  througb  in  rinUng  the  wdl  at  Wokingham,  Berkt. 


Lendon  Clay,  fawn-coloured  (weathered). 

Rusty^brown  (weathered) ;  with  small  Bivalyes  {Cardium). 

Blue  and  compact  (drying  on  exposure  to  dark -grey) ; 

Septarium,  with  laxee  Bivalve  {Cyprina). 
Septarium,  with  smaU   Cardium ;  Fhokuhmya  virgulosa 

(pearly),  large  and  small,  in  the  clay. 
Large  JNautiluM  in  septarium. 
Cyprina  planata  (large),  several. 
Seam  of  rounded  flint  soingle  of  large  and  small  pebbles, 

grey-mottled  outside,  wnitisb  witmn. 
Pholadomya  virgulosa, 

Panopaa  intermedia.   (Loamy  from  TO'  to  82^,  with  water.) 
SeptariuQ  with  pyrites. 
Thin  seam  of  blacK  (flint  ?)  sand. 
Septarium. 
Septaria :  1  foot. 
Pholadomya  virgulosa  (pearly). 
Septarium  with  pyrites ;   and  nodule  of  pyrites,  irregular 

m  shape. 
Teredo^  piece  of  thick  tube* 

I  Loamy. 

Septarium. 

Pinnay  crushed  fragment. 

Septarium. 

Dentalium,  Aeteon  (pyritous),  and  Natiea  in  the  clay ;  and 

a  septarium. 
Septanum. 
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Strata  paiaed  through  in  linking  the  well  at  Wokingham,  Berk«. 


Flint  pebbles,  large,  3}''  long,  and  6"  lon^  by  3^"  thick, 

grer-mottled  outside,  white  and  jrellowish  within,  with 

yellow  and  faint  umber  concentnc  colours  in  middle, 

with  grey  spots,  somewhat  like  Choanite  structure. 
Cement-stone  in  flat  nodules,  with  irregular  perforations,^ 

roughly  striated  on  their  inside  (Fucoidal). 
AitarU  \Y  long). 
Septarium. 
AttarU  (^'^  long) 
Cement-stones,  and  beneath  them  a  seam  of  black  sand, 

with  water. 
Dark-gre^  loam  sand  and  shale ;   with  Biyalves  {Cytherea 

tenuUnmaf  about  l^'^.    Water  here,  at  120  gallons  an 

hour. 
Fine  quartzose  sand,  with  green  grains  and  a  little  mica : 

Ditrupa. 
Cement-stones. 
Dark  sand  with  shells. 
Cky,  and  flat  nodule  of  pyrites,  containing  fragment  of 

large  BivalTes,  and  *rougn  perforations  like  those  in  the 

Cement-stone  at  210  feet. 
Sand  and  sandstone  (as  at  265\  with  Ditrupa;  small 

black  flint  pebbles,  and  a  small  angular  piece  of  rock. 

Thin  seams  of  clay  in  the  sand.    Water  rose  126  feet  in 

the  shaft,  and  would  probably  hare  risen  150^  had  it  not 

been  pumped. 
Glauconitic  clay. 
Mottled  clay. 
Reddish  clay. 
Brownish  clay. 
Mottled  clay. 
Sandy  clay. 

Friable  clay  and  sandstone. 
Brown  loamy  clay. 
Hard  mottled  clay. 
Grey  sand  and  water.    Water  suddenly  burst  up  the  16* 

pipe,  and  rose  to  within  42  feet  of  the  surface. 
liOamy  clay. 
Seam  of  sand  with  clay. 
Mottled  green  clay. 
Sandy  clay. 

Mottled  brown  and  red  clay. 
Sandy  clay. 
Greenish  loamy  day. 
Mottled  clay. 
Brown  clay. 
Grey  sand. 

MoUled  clay,  witii  thin  seams  of  greenish  sand* 
Mottled  clay  with  sand. 


1  These  perforations  are  similar  in  character  to  those  in  the  surface  of  the  Chalk 
underlying  the  ^*  Bottom  Bed  *'  of  the  Woolwich-and- Reading  series  at  Reading  and 
Xewbury.  These  oblique  and  irregular  holes,  crossing  one  another,  have  been 
referred,  with  great  probability,  by  Mr.  Hudleston,  F.G.S.,  to  *' roots  of  marine 

giants"  growing  on  the  sea-bottom  (**  Proceedings  Geol.  Assoc.**  vol.  iv.  p.  521). 
ome  of  the  penorations  in  the  Chalk  at  Newbury  (I  may  remark)  are  more  horizon- 
tal than  the  others,  are  situated  below  the  oblique  holes,  and  are  filled  with  a  granular 
(perhaps  foecoidal)  chalky  material. 
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Tbickne08 
of  Heda 
in  feet. 


16' 
1' 


8' 

ir 

3' 

6' 

31' 

6' 


Depth 
in  feet. 


328 
343 


344 
352 
363 
366 
371 
402 

408 


StraU  pawed  throog h  in  siakinf  fhe  weU  at  Wokiufbam,  Berki. 


Grey  sand  T^ith  a  thin  seam  of  clay  at  335  feet). 
Green  sand,  with  green-ooated  pebbles  (few)  and  sab- 
angular  flints. 

Soft  grey  ^  chalk. 

Band  of  flints  and  dear  white  cbalk. 
White  chalk  with  scattered  flint  nodules. 
White  chalk. 

Band  of  flint,  and  others  at  intervals  down  to  402^. 
Band  of  flint  (over  12"),  with  soft  chalk  under  it,  whicU 
yielded  water  at  15,000  gallons  an  hour>  (May  28, 1880). 
Hard  rock  (flint),  not  piereed. 


We  must  bear  in  mind,  that  in  boring  it  is  not  always  easy  to  be 
certain  of  the  exact  character  of  the  beds  to  a  few  inches,  as  the 
material  gets  mixed  up  to  some  extent  in  the  boring  tools. 

Some  published  sections  of  the  Tertiary  strata  in  this  part  of 
England,  which  may  be  useful  in  comparison,  are  to  be  found  in  the 
Quart  Joum.  Greol.  Soc.  vol.  x.  p.  89 ;  voL  xxxi.  p.  461 ;  Memoirs 
Geol.  Survey,  vol.  iv.  p.  423,  etc. 


VII. — Notes  on  the  Yertebbata  of  the  Pre-6lacial  Forest 

Bed  Series  of  the  East  of  England. 

By  E.  T.  Newton,  F.G.S., 
Assistant  Naturalist,  Museum  of  Practical  Oeology,  Jermyn  Street,  S.  W. 

PART  II.-CARXIVORA.  * 

On  the  Occurrence  of  the  Glutton,  Gulo  huetu^  Linn.,  in  the  **  Forest 

Bed  '*  OF  MuNDEftLEY,  Norfolk.' 

IN  some  notes  communicated  to  the  Geoloqical  Magazine  last 
April  (p.  152),  attention  was  called  to  the  fact  that  remains  of  the 
Glutton  had  been  recently  obtained  from  the  "Forest  Bed."  So 
luuch  interest  is  attached  to  the  discovery  of  an  animal,  which  at  the 
present  day  is  restricted  to  the  cold  northern  regions,  along  with 
Elephant  and  other  remains,  which  seem  to  indicate  a  warm  climate, 
that  it  heis  been  thought  desirable  to  give  some  account  of  the  dis- 
covery. I  am  indebted  to  Mr.  R.  Fitch,  of  Norwich,  to  whom  the 
specimen  belongs,  for  his  courtesy  in  submitting  it  to  me  for  ex- 
amination. It  is  a  portion  of  a  lower  jaw  with  teeth,  of  a  Glutton, 
Gido  Itisctts,  Linn.,  a  genus  which,  although  known  to  occur  in  the 
fossil  state,  has  hitherto  only  been  obtained  from  Cave  deposits. 

The  occurrence  of  the  Glutton  in  Britain  was  first  intimated  by 
MM.  Boyd  Dawkins  and  Sanford  in  the  year  1866  (Pal.  Soc),  but 
it  was  not  until  1871  (Q.J.G.S.  vol.  xxvii.  p.  406)  that  the  former 
gentleman  described  the  lower  jaw  of  this  species,  which  had  been 
obtained  by  MM.  Hughes  and  Heaton  from  the  cave  at  Plas  Heaton. 

*  This  greyness  may  have  been  due  to  the  intermixture  of  sand  lying  in  perforations 
in  the  top  of  the  Chalk. 
'^  At  70  feet"  below  tiie  surface. 
^  liead  before  the  Geological  Society  ol  lioiAoTi,  ^w|  VI A^*^- 
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Prof.  Bnsk  subsequently  recogpnized  the  remains  of  the  Glutton 
among  the  bones  found  by  the  Rev.  J.  M.  Mello  in  the  Creswell 
Crag:  Caves  (Q.J.G.S.  vol.  xxxi.  1875,  p.  687). 

The  presence  of  the  remains  of  this  animal  in  the  German  Caves 
had  been  made  known  by  Dr.  Gt)ldfuss  in  1818  (Nova  Acta,  torn.  ix. 
p.  311).  Dr.  Schmerling  recorded  its  presence  in  Belgium  in  1833 
(Oss.  Foss.  Liege,  p.  167),  and  M.  G^rvais  noticed  its  occurrence  in 
France  in  the  Cave  of  Fouvent  (Haute  Saone)  in  1867  (Zool.  et 
Paleont  General,  p.  252).  The  specimen  figured  by  Dr.  Eaup  as 
Gulo  diapharus  (Oss.  Foss.  1832)  most  certainly  belongs  to  another 
genus. 

All  the  fossil  remains  of  the  Glutton  hitherto  known,  both  in 
Britain  and  on  the  Continent,  have  been  obtained,  as  above  mentioned, 
from  Cave  deposits,  and  are  consequently  of  somewhat  uncertain  age ; 
the  finding  of  the  specimen  which  forms  the  subject  of  this  com- 
munication is  therefore  of  especial  interest,  as  it  shows  that  the 
animal  lived  in  Britain  during  the  time  when  some  of  the  beds 
forming  the  "  Forest  Bed  Series "  were  being  deposited,  and  con- 
sequently it  carries  back  the  advent  of  the  Glutton  in  Britain  into 
what  are  usually  regarded  as  pre-glacial  times. 

This  "  Forest  Bed  "  specimen,  as  already  intimated,  is  the  property 
of  Mr.  R.  Fitch,  and  is  preserved  in  his  magnificent  collection  at 
Norwich.  It  consists  of  about  two  inches  of  the  left  ramus  of  the 
lower  jaw,  with  the  first  true  molar,  or  sectorial  tooth,  in  place, 
together  with  the  hinder  half  of  the  fourth  pre-molar.  Part  of  the 
alveolus  for  the  second  true  molar  is  likewise  preserved,  and  this  is 
fortunate,  fof  the  Plas  Heaton  specimen  is  defective  in  this  latter 
particular,  the  jaw  being  broken  away  behind  the  first  true  molar. 
The  entire  surface  of  the  "  Forest  Bed "  specimen  presents  that 
peculiar  grooved  and  chsmnelled  appearance  not  uncommon  among 
fossils  from  these  beds.  The  Plas  Heaton  specimen  is  shown  by 
Prof.  Boyd  Dawkins  to  be  larger  than  the  recent  one  in  the  British 
Museum,  with  which  he  compared  it ;  on  the  other  hand,  the  lower 
jaw  now  under  consideration  is  much  smaller,  and  corresponds  more 
nearly  in  size  with  a  Glutton's  jaw  preserved  in  the  Museum  of  the 
Royal  College  of  Surgeons,  and,  with  the  exception  of  this  slight 
difference  of  size,  the  two  are  so  precisely  alike  that  the  description 
of  the  fossil  given  below  would  answer  equally  well,  in  every 
particular,  for  the  recent  specimen.  It  is  through  the  kindness  of 
Prof.  Flower  that  I  am  enabled  to  give  figures  of  this  recent  jaw  for 
comparison  with  the  fossil  one  (PI.  XV.  Figs.  4-6). 
,  The  outer  surface,  below  and  behind  the  first  true  molar,  becomes 
concave  as  the  jaw  curves  outwards  to  the  prominent  angular  portion, 
and  the  depression  for  the  masseter  muscle  is  deep.  The  inner 
surface  is  convex,  especially  towards  the  alveolar  border.  The  teeth 
are  implanted  towards  the  outer  side,  a  peculiarity  of  the  Glutton's 
jaw  pointed  out  by  Professor  Boyd  Dawkins,  and  consequently  the 
crowns  overhang  the  outer  surface.  The  large  sectorial  tooth,  m.  1, 
has  its  two  cusps  so  nearly  equal  in  size  that  the  trifling  superiority 
bf  the    posterior  one  is  scarcely  perceptible.      These  cusps  are 
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separated  on  the  outer  side  by  a  short  slit  which  is  enlaxged  below*  . 
The  outer  surface  of  the  orown  is  uniformly  convex  from  before  « 
backwards  in  the  region  of  these  cusps,  and  becomes  concave  at  - 
their  junction  with  the  heeL     From  above,  the  cusps  are  seen  to  be  ^ 
very  thick  and  solid,  and  to  extend  quite  to  the  inner  side  of  the 
tooth.    There  are  no  accessory  cusps  or  tubercles,  unless  the  very 
slight  inequality  of  the  flattened  upper  surface  of  the  heel  should 
be  regarded  as  such.     The  hinder  surface  of  the  posterior  cusp  is 
flattened  as  if  by  attrition  with  the  upper  grinders.     The  portion  oP 
a  small  alveolus,  behind  the  sectorial  tooth,  shows  that  this  jaw  had 
a  small  second  true  molar.     The  hinder  portion  of  the  fourth  pre- 
molar has  a  sharp  prominent  keel,  descending  from  the  point  of  the 
cusp  to  the  hinder  border  of  the  crown,  and  somewhat  towards  the 
outer  side.     On  the  inner  side  of  this  there  is  a  flattened  surface 
terminated  below  by  the  hinder  edge  of  the  tooth,  which  is  raised 
into  a  ridge  so  as  to  form  a  kind  of  guard.    There  is  no  indication 
of  a  secondary  cusp  or  tubercle  upon  this  keeL     Although  the 
surfaces  of  the  teeth  have  been  channelled  and  grooved  during  the 
process  of  fossilization,  yet,  with  a' pocket  lens,  the  original  roughened 
surface  is  still  visible  on  the  intermediate  portions. 

The  following  measurements  of  the  Plas  Heaton  specimen  and  of 
the  recent  one  in  the  British  Museum  are  copied  from  the  table  given 
by  Prof.  Boyd  Dawkins  (Q.J.G.S.  voL  xxvii.) ;  the  corresponding 
measurements  of  the  "  Forest  Bed ''  lower  jaw  being  added  in  the 
right-hand  column.  The  lower  jaw  of  the  Glutton  in  the  Museum 
of  the  Hoyal  College  of  Surgeons  is  intermediate  in  size  between 
this  British  Museum  specimen  and  that  from  the  *' Forest  Bed." 
The  measurements  are  given  in  fractions  of  an  inch. 


Depth  or  ramos  below  m,  1  „. 

Length  of  m.  L 

Width 

Height 


...     .•■ 


If 
tf 


Plas  Heaton 
•peoimen. 


0-96 
095 
0-42 
0*42 


Beoent  Qlatton 
in  Brit  Mm. 


086 
0-82 
0-34 
0-86 


"PorettBed" 
apeoimen. 


0-72 
076 
OttO 
033 


Judging  from  the  amount  of  variation^  in  regard  to  size,  observ- 
able among  the  recent  individuals  of  Gulo  luscus^  and  the  identity  of 
form  between  these  and  the  ''  Forest  Bed  "  specimen,  in  as  far  as  this 
is  preserved,  one  cannot  do  otherwise  than  refer  the  latter  to  the 
same  species. 

With  regard  to  the  particular  horizon  of  the  "  Forest  Bed  Series  " 
from  which  this  Glutton  was  obtained,  we  are  happily  in  possession 
of  exact  information.  Mr.  Fitch  pui^chased  the  specimen  from  the 
finder,  Mr.  W.  Dix,  of  Mundesley :  and  my  colleague,  Mr.  Clement 
Beid,  has  taken  the  trouble  to  visit  the  spot  with  Mr.  Dix,  and  in  a 
letter  he  assures  me  that  ''  Mr.  Fitch's  specimen  was  found  half  a 
mile  S.E.  of  Mundesley  in  the  '  Forest  Bed  '  at  the  same  horizon  at 
wbioh.  BO  many  large  bone^  ai^  iovmii."    There  is,  therefore,  no 
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room  for  doubting  that  this  Otdo  luseus  was  obtained  from  a  bed 
low  down  in  the  **  Pre-Qlacial  Forest  Bed  Series  "  near  Mundesley. 

EXPLANATION     OP    PLATE.  XV.^ 
OuLO  liUscvs,  Liim. 
All  the  figures  are  natural  size,  and  their  correctness  is  g;aaranteed  by  their  being 
drawn  from  nature  by  my  friend  and  colleague  Mr.  6.  Shannan. 
Fio.  1.  Portion  of  a  left  ramus  of  mandible,  from  the  "  Forest  Bed  "  of  Mundesley, 
outer  side. 
,,     2.  Ditto,  inner  side. 
„     3.  Ditto,  Tiewed  from  above. 
„    4.  Left  ramus  of  a  recent  specimen  in  the  Museum  of  the  Eoyal  College  of 

Surgeons,  outer  side. 
,;     5.  Inner  view  of  portion  of  same. 
„     6.  View  of  same  from  above. 


Oeolooioal  Map  of  England  and  Walks.  By  HKyRY  W. 
Bbistow,  F.RS.,  F.G.S.,  Director  of  the  Geological  Survey  of 
England  and  Wales.     (Letts,  Son,  &  Co.)        ' 

AQEOLOGICAIi  Map  at  the  oost  of  about  2^d,  naturally  creates 
such  a  feeling  of  scepticism  that  we  would  recommend  our 
readers  to  purchase  Part  4  of  Letts's  Popular  Atlas  (price  7d.), 
which  includes :  1.  A  Geological  Map  of  England  and  Wales ;  2.  A 
General  Map  of  Africa;  and  3.  A  General  Map  of  the  Austrian  and 
German  Empires.  The  size  of  the  maps  is  about  1  ft.  1  in.  by  1  ft. 
4  in.,  and  ail  are  printed  in  colours.  Twenty-two  geological 
divisions  are  shown  in  Mr.  Bristow's  map,  and  although  the  printing 
is  not  such  as  would  satisfy  the  mind  of  the  critic,  yet  when  we 
consider  the  price,  we  can  but  marvel  at  the  production.  The  beds 
least  clearly  defined  are  those  between  the  Coal-measures  and  the 
Oolites.  The  Permian  and  Trias  are  often  so  difficult  to  distinguish 
in  the  field,  that  a  blending  of  them  on  the  map  does  not  matter ; 
but  the  Lias  in  the  Midland  Counties,  as  shown  on  the  map,  is  not 
sufficiently  distinct  at  a  glance.  The  map,  however,  improves  upon 
acquaintance,  and  it  really  is  an  old  friend  in  a  new  guise,  being 
founded  on  the  map  published  under  the  Superintendence  of  the 
Society  for  the  Diffusion  of  Useful  Knowledge.  The  original 
edition  was,  we  believe,  issued  in  1834 — being  then  based  chiefly 
on  the  works  of  William  Smith,  of  Conybeare  and  W.  Phillips, 
and  of  John  Phillips.  A  newer  edition  by  Sir  Roderick  Murchison 
was  prepared  in  1843  by  S.  P.  Woodward,  and  this  included 
the  work  of  Sedgwick,  Murchison,  and  De  la  Beche  in  Wales 
and  the  West  of  England.  From  time  to  time  improved  editions 
of  Murchison's  map  were  published,  the  revisions  being  chiefly 
those  due  to  the  progress  of  the  Geological  Survey,  to  which  Mr. 
Bristow  himself  has  in  no  small  degree  contributed.  The 
present  edition  includes  important  revisions  of  the  map  in  parts  of 
Devonshire  and  in  the  northern  counties  of  England,  and  of  the 
numerous  marginal  notes  which  furnish  many  local  details  of 
geological  interest.     All  the  leading  railways  are  very  prominently 

^  The  Plate  will  appear  in  the  October  Nvimbei. 
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ON    THE    FORMATION    OP    THE    DIAMOND    IN    THE    TERTIARY 

DRIFTS  OF  NEW  SOUTH  WALES,*  btc. 

Afler  referring  to  ihe  recent  artifioial  production  of  the  diamond 
by  Mr.  Hannay,  the  writer  adds : 

"  When  examining  the  New  England  and  Mudgee  Districts  in 
New  South  Wales,  I  came  to  the  conclusion,  as  did  Mr.  Norman 
Taylor  also,  that  the  diamonds  (of  which  hundreds  were  found  in  tiie 
gold  and  tin  drifts)  had  been  chemically  formed  in  the  Miocene  and 
Pliocene  Cements,  which  are  very  femiginous  and  sometimes  silioeods, 
the  waterwom  pebbles  being  found  coated  with  a  filni  of  silica. 
The  recent  alluvium  only  where  derived  from  the  Tertiary  drifts  is 
diamond-bearing;  and  the  Tertiary  drifts  themselves  contain 
diamonds ;  but  the  older  rocks,  Silurian,  Devonian,  or  Carboniferous, 
do  not  contain  them,  or  rather,  the  recent  alluvium  derived  from 
them  does  not,  although  the  Tertiary  drifts  themselves  have  also 
been  derived  from  the  same  Palssozoio  rocks ;  therefore,  we  can  only 
conclude  that  the  diamonds  have  been  formed  in  the  drifts. 

"These  drifts  are  nearly  always  capped  with  basalt.  I  believe 
from  the  nature  of  the  rocks  that  water  containing  some  carbonate 
in  solution,  and  also  silica,  was  present,  a  chemicid  reaction  taking 
place  and  setting  free  the  carbon  in  a  crystallized  form.  In  the 
same  way,  I  believe,  the  minute  scales  or  crystals  of  graphite  have 
been  formed  in  pur  Hawkesbury  Sandstone  (Triassic).  This  sand- 
stone consists  of  (originally)  rounded  grains  of  quartz  sand,  coated 
now  with  silica  in  a  crystallized  state,  and  with  the  scales  of 
graphite  scattered  through  it.  The  sandstone,  when  broken,  has 
quite  a  glittering  appearance,  from  the  silica  coating  the  rounded 
gmins  of  sand  with  the  graphite  occurring  at  intervals  through  the 
mass.  I  mentioned  this  to  Prof.  A.  Liversidge,  but  he  thinks  the 
scales  of  graphite  were  deposited  with  the  sand ;  I  think  not, 
however,  for  the  sandstone,  so  false-bedded,  etc.,  bears  evidence  of 
deposition  by  strong  and  variable  currents  of  water,  which  would 
have  destroyed  the  small  graphite  grains  by  attrition.  On  this 
account  1  think  the  graphite  must  have  been  chemically  formed 
during  the  slow  transmutation  which  the  sandstone  has  undergone. 

We  shall  be  much  interested  to  hear  of  Mr.  Hannay^s  process  for 
making  the  diamond."  C.  S.  Wilkinson,  F.G.S., 

Goyemmeiit  Geologist  for  N.  S.  Wales. 


ECCENTRICITY  AND  GLACIAL  EPOCHS. 

Sir, — Mr.  Greenwood's  demonstration  in  the  July  Number  (p.  332) 
looks  clear,  but  is,  I  think,  not  quite  sound.  The  error  is  rather 
subtle,  and  not  easily  made  out.  I  believe  it  to  consist  in  attributing 
to  the  sun's  heat  only  the  actions  of  melting  snow  and  raising 
temperatures,  which  tacitly  neglects  its  primary  action  of  supplying 
the  place   of  that  heat  which  the  earth  and  its  atmosphere  are 

1  In  a  letter  to  R.  Etheridge,  Jun.,  dated  "  Sydney,  9th  April,  1880." 
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perpetually  radiating  away.  When  tbis  is  brought  into  the  reckoning, 
there  is  no  such  decrease  in  available  energy  as  Mr.  Greenwood's 
argument  supposes.  The '  reason  for  expecting  that  the  winter 
snowfall  will  be  increased  with  increased  eccentricity  is  that  the 
heat-receipt  during  winter  will  be  then  diminished.  Some  vapour 
which  the  sun's  heat  might  have  maintained  as  vapour  during  the 
winter,  will  then  radiate  off  its  heat  without  compensation ;  will  be 
chiUed  and  fall  as  snow.  But  the  summer's  receipt  of  heat  is 
increased,  increased  to  the  exaot  extent  of  the  winter  decrease,  and  so 
to  the  extent  required  for  the  dissipation  of  the  supposed  additional 
snow.  The  heat  thus  spent  in  dissipating  Mr.  Greenwood's  extra 
foot  of  snow  would  before  the  increase  of  eccentricity  have  been 
spent  in  preventing  that  snow  from  being  formed.  There  is  no 
increase  of  work  to  be  done.  * 

Mr.  Greenwood's  argument  would  become  correct  if  the  snow 
were  supposed  to  be  generated  in  some  different  region,  and  thence 
brought  to  the  region  considered.  Obviously  a  room  will  be  chilled 
if  a  block  of  ice  be  introduced. 

I  find  it  difficult  to  reconcile  the  language  of  Mr.  Greenwood's 
second  paragraph  with  the  article  which  it  criticizes.  He  says  that 
I  argue  from  ''increased  radiation  being  greater  in  proportion  to 
the  increase  of  temperature."  He  probably  means,  '*  greater  than  in 
proportion."  He  says  that  I  ignore  the  fact  that  if  radiation  is 
increased  in  greater  proportion  by  a  rise  in  temperature,  it  is  decreased 
in  like  proportion  by  a  fall.  This  fact  is  only  roughly  true,  just  as 
when  a  conical  vessel  contains  water,  it  is  true  that  whether  the 
water  level  be  raised  or  lowered  an  inch,  the  quantities  to  be  poured 
in  or  poured  out  are  nearly  the  same.  But  only  roughly,  not  quite. 
The  equality  is  not  perfect.  This  is  pointed  out  at  some  length  in 
the  article  considered,  and  the  so'gument  questioned  by  Mr.  Green- 
wood was  built  on  this  absence  of  equality.  The  words  "  ignore  " 
and  "fact  "  eeem  incorrectly  applied. 

The  question  is  at  present  scarcely  worth  discussion.  Mdthe- 
matical  calculation  of  the  effect  is  environed  with  apparently  insu- 
perable difficulties.  But«  the  rough  attempts  at  calculation  which  I 
have  made  lead  me  to  suspect  that  its  amount  is  insignificant,  and 
not  even  inadequate  to  alter  mean  temperature  by  a  degree. 

St.  John's  Colleob,  CAMsaiDOB,  Aug,  10.  E.    Hill. 


SCLEROTIC  BONES  OF  COAL-MEASURE  REPTILES. 

Sib, — ^Would  you  kindly  permit  me  to  inform  your  readers  that  I 
have  obtained  from  the  Northumberland  Coal-measures  a  perfect 
ossicular  sclerotic  ring  of  a  Carboniferous  reptile  ?  It  consists  of  eight 
ossicles  of  a  quadrate  form  which  slightly  overlap  each  other  and 
produce  a  perfect  ring,  the  central  opening  of  which  is  i^ths  of  an 
inch  in  diameter ;  and  the  extreme  diameter  of  the  ring  of  ossicles 
is  |ths  of  an  inch. 

I  have  also  obtained  a  series  of  six  sclerotic  ossicles  lying  in 
regular  order.  The  ring,  if  complete,  indicates  the  existence  of  about 
%^  ossicles,  and  the  central  opening  about  f  ths  of  an  inch  in  diameter^ 
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I  have  neither  seen  nor  heard  of  any  other  sclerotic  plates  haTin^ 
been  obtained  from  British  Carboniferous  strata,  and  shall  be  glad 
to  know  if  any  collector  of  British  Coal-measure  fossils  has  obtained 
specimens  from  any  British  colliery  or  coal  strata. 

26,  Abchbold  Terrace,  T.  P.  Bakkas,  ¥.GJ&. 

Xei^xastls-ox-Ttxb,  Juiy  17»  1880. 


FOSSILS  ON  TRANSVERSE  CLEAVAGE  PLANES. 

Sib, — Will  yon  kindly  accord  me  a  little  of  yonr  space  to  gi^ 
publicity  to  certain  observations  which  I  have  made  upon  the  above 
subject  ? 

The  possibility  of  fossils  occurring  upon  ol<Hivage  planes,  when 
those  planes  do  not  happen  to  be  coincident  with  the  bedding,  first 
occurred  to  me  as  a  question  in  connexion  with  investigations  made 
by  me  somewhat  more  than  a  year  ago  in  the  Culm-measure  Lime- 
stones of  Westleigh,  in  Devonshire.  A  (?)  fossil  seemed  to  occur  on 
a  (?)  cleavage  plane.  This  I  showed  to  several  competent  judges, 
to  whose  opinions  I  should  usually,  and  with  good  reason,  readily 
yield.  But  in  this  instance  opinions  were  conflicting.  First,  by 
some  I  was  told  that  it  was  a  fossil,  and  that  therefore  the  plane  on 
which  it  occurred  was  a  bedding  plane,  not  cleavage.  Next,  by 
others  I  was  told  that  the  plane  was  certainly  a  cleavage  plane,  and 
(ergo)  that  the  supposed  fossil  was  no  fossil. 

lliiH  set  me  considering  whether  there  could  be  no  via  media  in 
the  matter.  And  I  found,  when  I  began  to  make  inquiries,  that 
better  geologists  than  myself  bad  observed  similar  phenomena,  and 
confessed  themselves  to  be  perplexed  by  them. 

I  do  not  lay  any  great  stress  upon  the  Westleigh  specimen.  I 
confess  myself  to  be  very  doubtful  now  about  its  organic  origin, 
though  at  one  time  I  held  a  different  view.  It,  however,  led  me  to 
make  inquiries  elsewhere,  and  through  the  kindness  of  Mr.  H.  B. 
Woodward,  Mr.  Kinahan,  and  Mr.  W.  Hughes  of  the  Victoria  Slate 
Quarries,  Carrick-on-Suir,  Ireland,  I  was  furnished  with  specimens 
which  were  perfectly  convincing  as  to  the  fact,  account  for  it  how 
we  may. 

The  first  specimens  sent  to  me  by  Mr.  Hughes  from  these  Lower 
Silurian  rocks  showed  Graptolites  and  Fucoids  upon  what  he  affirmed 
to  be  cleavage  planes,  but,  not  feeling  quite  satisfied  about- the 
matter,  I  wrote  to  him  again,  asking  for  details  of  the  structure  of 
the  rocks,  and  pointing  out,  by  means  of  drawings,  that  the  cleavage 
which  in  one  place  was  inclined  at  a  high  angle  to  the  bedding 
might  elsewhere,  through  the  folding  of  the  beds,  become  coincident 
with  the  bedding. 

To  this  he  replied  by  sending  me  a  specimen  in  which  both 
bedding  and  cleavage  were  shown.  The  former  was  shown  by 
colour  streaks,  and  upon  the  latter,  inclined  to  the  bedding  about  80^ 
was  a  Fucoid  impression.  He  says :  **  In  no  part  (of  the  quarry)  are 
the  bedding  and  the  cleavage  coincident.  We  find  the  fossils  occurring 
on  the  cleavage  in  different  parts  of  the  quarries,  whatever  position 
the  latter  may  hold  with  regard  to  the  bedding."     He  added  also 
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tbat  the  fossils  are  ''not  always  exactly  coinoident  with  tbe  cleavage/' 
and  one  of  bis  specimens  illustrated  this. 

I  repeat,  therefore,  that  there  can  be  no  question  whatever  as  to 
the  fact     I  then  set  myself  to  work  to  account  for  it 

The  first  question  which  I  proposed  to  myself  was  this,  '*  How  can 
fossils  be  deposited  otherwise  than  on  a  plane  of  bedding  ?  "  And 
it  appears  to  me  to  be  no  very  difiScult  one  to  answer.  Yarioos 
exceptional  circumstances  might  account  for  them  in  isolated  cases ; 
but  for  a  common  cause  affecting  a  wide  area  of  rock,  we  need  only 
suppose  tranquil  conditions  of  deposit  Where  there  is  absolutely 
no  current  and  a  soft  oozy  bed,  shells,  etc.,  would  fall  with  the  major 
axis  in  a  perpendicular  position,  and  in  such  a  position  they  might 
probably  remain.  For  some  reason  or  other  Turrilites  is  found 
^  invariably  at  right  angles  to  the  stratification,"  ^  in  the  Chalk-marl  of 
the  South  of  England.  This  is  due,  perhaps,  in  the  first  instance,  to 
the  fact  that  it  is  a  Gephalopod ;  but  it  is  evident  that,  if  a  current 
existed  at  the  sea-bottom,  the  fossil  would  assume  a  horizontal 
position  immediately  after  the  death  of  the  animaL  That  it  has  not 
done  so  proves  tranquil  conditions  of  deposit. 

If  we  apply  the  same  reasoning  to  a  silty  deposit,  which  has  since 
been  altered  into  slate,  it  will  fully  account  for  such  organisms  as 
sea- weeds  and  Graptolites  being  found  inclined  at  a  high  angle  to  the 
bedding.  Who  ever  saw  a  seaweed  or  Sertularian  in  a  perfectly 
horizontal  position  in  sea- water,  unless  perhaps  in  the  tide-race? 
In  still  water  the  comparative  buoyancy  of  their  several  parts  would 
determine  their  position.  And  in  such  a  position  the  silt  would  fall 
around  them  and  entomb  them. 

The  second  question  which  occurred  to  me,  and  which  is  by  no 
means  so  easy  to  answer  satisfactorily,  is  this — "  How  came  the 
fossils  to  be  revealed  in  so  many  instances  upon  a  superinduced 
structure  like  cleavage  ?  "  "  How  is  it  that  the  cleavage  plane 
should  happen  to  be  exactly  that  in  which  those  fossils  lie  ? ''  I  can 
only  suppose  that  the  slate  rock  at  Carrick-on-Suir  is  in  reality 
densely  crowded  with  such  organisms  as  Graptolites  and  Fucoids,  a 
small  per-centage  of  which  are  revealed  by  the  cleavage.  If  the  large 
majority  of  the  organic  remains  which  have  been  deposited  there  are 
deposited  upon  the  planes  of  bedding,  they  are  for  ever  lost 
to  science,  for  the  rock  never  divides  along  the  bedding  planes. 
The  cleavage  destroys  all  traces  of  the  delicate  impressions,  except 
those  (comparatively  few)  which  happen  to  have  been  deposited 
exactly  or  very  nearly  along  the  lines  which  the  cleavage  afterwards 
followed.  But  we  should  expect  to  find  some  half  revealed  by  lying 
imperfectly  upon  the  cleavage  plane,  and  this  is  exactly  what  we  do 
find. 

In  some  cases,  in  irregularly-cracked  shales,  I  have  seen  cracks 
diverted,  as  to  their  direction,  by  the  presence  of  a  fossil,  and 
perhaps  the  very  selection  of  the  divisional  plane,  dependent,  as  it 
would  be,  upon  the  line  of  least  cohesion,  may  be  determined  here 

1  Sdenoe  Goflsip,  1879,  pp.  204-6. 
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and  there  for  a  few  inches  by  the  snrfaoe  of  a  fossil ;  but  this,  of 
course,  is  a  distinct  thing  from  regular  cleavage  affecting  a  large  area 
of  rock.  In  the  latter  case  a  coincidence  between  cleavage  and  the 
lie  of  a  fossil  could  be  but  accidentali  but  that  which  is  accidental 
may  be  of  not  unfrequent  occurrence.  W.  Downss. 


FOSSILS  IX  HIGHLY  CONTORTED  AND  CLEAVED  SLATES 

AND  FLAGS. 

gis, — For  many  years  the  greatly  cleaved  and  contorted  Menevian 
strata  of  St.  David^s  in  South  Wales,  and  of  Dolgelly  in  North 
Wales,  were  deemed  wholly  unfossiliferous.  At  length  by  piecing 
together  the  slates  and  looking  at  ihe  bedding  ends  of  a  number  of 
them  placed  together  in  their  natural  position,  Messrs.  Salter  and 
Hicks  were  fortunate  in  discovering  a  large  number  of  fossils, 
revealing  an  entirely  new  fauna.  Many  of  these  fossils,  which  I 
remember  to  have  seen,  collected  by  the  late  Mr.  Thos.  Belt,  F.G.S., 
and  by  Mr.  John  Plant,  F.G.S.,  at  Dolgelly ;  and  by  Messrs.  Salter 
and  Hicks  at  St.  David's ;  reminded  me  of  nothing  so  much  as  a 
fashion,  which  was  greatly  in  vogue  among  elegant  triflers  and 
amateur  painters,  40  to  50  years  ago;  of  painting  portraits  and 
landscapes  on  the  edges  of  books  (often  Bibles  ^  were  curiously 
enough  chosen  for  this  purpose).  The  single  leaves  themselves  of 
course  disclosed  no  evidence,  but  by  pressing  the  book  very  slightly 
obliquely  at  the  edges,  a  picture  was  at  once  revealed  to  the  admiring 
gaze.  The  fossils  may  similarlv  be  said  to  be,  the  pieced-together 
pages  of  old  Cambrian  records,  cleaved  into  blank  leaves  by  Time,  but 
upon  whose  frayed  and  time-worn  edges  may  still  be  deciphered  a 
chapter  in  the  life-history  of  our  earth.  F.  G.  S. 

*  A  Reverend  Divine,  who  admired  and  loved  the  Queen  greatly  (as  of  course  we 
all  do),  bein^  a  man  of  leisure  and  of  a  wbimideal  taste  in  art,  painted  yearly  a  very 
pleasing  lanS)cape,  or  other  subject,  upon  the  front  edge  of  a  handsome  gilt  4to.  Bible 
Dound  in  Russia  or  Morocco,  and  sent  it  to  the  Queen  on  her  birthday.  The:»e 
volumes  with  pictured  edges,  which  extend  over  very  many  years  of  the  early  life  of 
Her  Majesty,  are  preserved  in  the  Royal  Library  at  Windsor  Castle. 

MiscELLANEors.  —  M.  Delesse  has  published  a  useful  agronomic  map  of  the 
Department  of  the  Seine  and  Mame  (Extrait  du  Bulletin  des  Sci.,  December.  1879  : 
Paris,  Jules  Tremblay,  1880),  which  comprises  the  natural  region  of  the  Brie.  In 
the  above  notice  he  has  given  some  details  respecting  the  mode  of  preparation  and  the 
principal  results  derived  therefrom,  the  persual  of  which  may  be  useful  to  those 
engaged  in  similar  work.  The  map  enables  us  to  compare  the  revenue  derived  from 
the  arable  lands,  the  meadows,  forests,  vineyards,  and  shows  how  the  fertility 
of  the  soil  varies  throughout  the  department,  and  also  affords  the  means  of  appreciat- 
ing the  relation  which  exists  between  the  phvsical  and  chemical  characters  of  the 
vegetable  soil  and  the  geological  structure  of  t^o  district.  It  gives  also  the  com- 
position of  the  vegetable  soil,  which  is  further  illustrated  by  two  reduced  maps 
appended  to  this  short  notice,  one  showing  the  lands  with  and  without  calcareous 
matter;  the  other  indicating  by  different  tints  and  curved  lines  the  proportion  of 
sandy  residue  corresponding  to  20,  40,  60  and  80  per  cent,  in  the  soil.  J.  M. 

Erratum.— In  Mr.  W.  H.  Dalton's  letter  on  "  Post-Glacial,"  in  July  No.,  p. 
833,  line  11  from  foot, /or  **  Further  depodtB,*'  rtad  **Further|  these  deposits.*' 
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I. — The  Whin  Sill  of  Teesdale,  as  an  Assihilatob  of  the 

Surrounding  Beds. 

By  C.  T.  Clouqh,  M.A.,  F.G.S.,  of  H.M.  Geological  Survey. 

Communicated  by  permission  of  the  Director- General  of  the  Geological  Survey  of 
the  United  Kingdom. 

I  WISH  in  the  present  paper  to  draw  attention  to  one  aspect  of 
the  Whin  Sill  specially,  viz.  its  aspect  as  an  assimilater,  and 
other  interesting  points  connected  with  it  I  shall  only  mention 
incidentally,  as  they  may  arise  during  our  investigation  of  this  aspect. 

Accordingly,  1  will  take  it  for  granted  that  there  can  he  no  doubt 
that  the  Whin  Sill  is  not  really  a  *'  sill "  ^  at  all,  that  it  is  not  con- 
temporaneous with  the  beds  among  which  it  lies,  but  of  later  date. 
After  noticing  the  changes  in  its  stratigraphical  position,  its  next 
feature  that  is  most  likely  to  strike  one  is,  I  think,  the  general 
absence  9f  signs  of  accompanying  mechanical  disturbance.  If  such 
an  immense  and  irregular  mass  has  been  thrust  in  among  the  sedi- 
mentary beds,  how  is  it  that  these  beds  are  not  more  squeezed  and 
faulted  and  contorted  by  it  ? 

The  difficulty  is  one  that  strikes  all  the  more  intelligent  miners 
and  geologists  of  the  Dale,  and  they  always  bring  it  forward  when 
you  are  trying  to  show  them  that  the  Whin  Sill  is  not  really  a  sill. 
They  know  that  it  is  not  always  on  quite  the  same  geological 
horizon,  that  at  one  place  you  can  see  it  resting  on  a  limestone,  and 
at  another  place  on  a  plate  bed,  but  they  get  out  of  this  by  supposing 
that  fresh  beds  have  come  in  between  the  two  places.  They  have 
the  following  two  propositions  presented  to  them  :   either  the  Whin 

^  Perhaps  I  had  better  here  explain  a  few  North-country  words  which  occur  in 
this  paper,  and  which  may  not  be  generally  known. 

JrAin. — Sometimes  applied  to  any  very  hard  bed,  as  a  hard  close-grained  sand- 
stone, but  more  especially  to  hard  crystalline  rocks,  as  the  Cleveland  Basaltic  Dyke, 
and  tile  great  mass  of  stratiform  Basalt  that  occurs  in  the  North  of  England.  This 
name  perhaps  comes  from  the  sound  the  rock  makes  when  flying  off  under  the  hammer. 

Sill. — Any  bed  of  rock  lying  more  or  less  parallel  with  the  neighbourinj^  bed, 
e.ff.  the  '*  Slate  SiUs  "  and  the  '^  Coal  SUls  "  are  particular  beds  of  sandstone  m  the 
Toredale  Series.  The  word  is  probably  connected  with  the  word  **  sole  "  (the  sole  of 
the  foot),  and  means  anything  lying  flat. 

Plate. — Shale. 

Fo8t. — The  horizontal  bands  in  any  bed  which  are  prominently  developed  on 
weathering.  There  is  a  limestone  in  the  Yoredale  Series  called  the  **  Single  Post'* 
limestone,  and  it  gets  its  name  from  the  fact  that  ver}'  commonly  it  does  not  show 
any  horizontal  division  lines  at  all,  but  remains  united  in  one  mass  in  its  whole 
thickness. 

Syke. — A  stream,  or  beck. 

(Hrdle  Beds, — Alternations  of  thin  sandstones  and  sandy  shales. 
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Sill  is  a  lill  deposited  oontemporaneonslyvith  the  beds  among  wbidi 
it  liex,  or  it  is  a  great  intrusive  mass  breaking  through  and  thrusting 
anide  these  beds  like  a  wedge.  Thejf  are  on  the  horns  of  a  dilemmi. 
How  can  the  Whin  be  a  sill  when  it  changes  its  horizon  relati»elj 
to  the  other  sills  ?  How  can  it  be  an  intrusive  wodgo  when  tken 
is  such  a  general  absence  of  disturbance  in  the  beds  arotrnd? 
William  Button  (Trans.  Newcastle  Nat.  Hist.  Soc.  vol.  ii.  part  i., 
"On  tbe  Stratiform  Basalt  Associated  with  the  Carbon iferoni 
Formation  of  the  North  of  England  ")  felt  the  same  difSoulty.  The 
unconformity  between  the  Whin  Sill  and  the  surrounding  beds, 
which  had  been  noticed  by  Sedgwick  (Camb.  Phil.  Trans.  1824, 
"  Geology  of  High  Teesdale  "),  he  thinks  may  be  explained  by  ths 
"putting  in"  of  new  sedimentary  beda  He  says  (p.  206,  op.  eit), 
"There  are  many  well-known  instances  of  the  'putting  in'  and 
thickening  of  strata  in  the  Coal-field,  and  Mr.  Buddie,  in  his  valoable 
sections  published  in  the  Transactions  of  the  Natural  History  Society 
of  Newcastle,  has  shown  several '.  one  of  the  most  remarkable  cf 
these  is  mentioned  at  p.  201,  where  a  bed  of  sandstone,  twen^ 
fathoms  thick,  is  traced  thinning  out  until  it  becomes  a  stone  band 
in  the  Bensham  Coal-seam  in  Wallsend  Collieiy,  and  u  known 
finally  to  disappear." 

If  there  really  is  such  a  general  absence  of  acoompanying 
mechanical  disturbance,  as  I  have  indioated,  then  it  seems  to  me 
that  we  shall  be  forced  to  oonclude  that  the  Whin  oonsists  in  part 
of  altered  sedimentary  beds,  that  it  partly  represents  beds  which 
were  once  in  the  position  it  now  occupies,  that  it  did  not  make  room 
for  itself  simply  by  thrusting  aside  these  beds,  but  also  by  in- 
corporating them  into  itself. 

As  this  conclusion  is  a  very  important  one,  1  shall  not  content 
myself  with  taking  the  fact  as  proved  on  the  authority  of  Hutton 
and  the  Dalesmen  merely,  but  shall  proceed  to  mention  in  detail 
pRrticiilar  sections  which  show  most  conspicuously  the  absence  of 
any  disturbance. 


the  Durham  bank  of  the  Tees,  ISO  jtrdi  Iram  ths  fool  of  the 
Maiie  Beck. 

a  Bualt.     b  i  Past<  of  aacchiiroid  Umertoae.     c  Sha]e-bed :  rather  irregular- 
Length  of  NctiaD,  20  jarda. 

A  few  hundred  yards  below  Caldron  Snout,  and  on  the  Durbsm 
dde  of  tiie  Tees,  the  base  of  the  Whin  (or  rather  of  a  Whin)  is  teeo. 
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with  saocharoid  limestone  below.  The  section  is  rudely  represented 
in  Fig.  1.*  The  Whin  is  seen  cutting  diagonally  down  through  two 
posts  of  nearly  horizontal  limestone :  the  top  post  is  first  of  all  cut 
completely  through,  and  then  the  next  is  cut  partially  'through. 
Ihe  limestone  has  not  assumed  a  dip  parallel  to  the  inclined  Whin 
base. 

On  the  top  of  Cronkley  Fell,  in  Yorkshire,  the  beds  above  the 
Whin  are  lying  almost  horizontally,  and  are  as  follows,  beffinninxr 
from  below : —  '     o         » 

a,  Limettone,  38ft.' 

b.  Sandstone,  fine  grained,  massiYe  or  flaggy,  40ft 
e.  limestone,  6ft. 

d.  Sandstone,  42ft. 

In  some  places  all  these  beds  in  their  full  thickness  can  be  seen 
^ing  on  the  Whin.  In  other  closely  adjoining  places  we  find  the 
Whin  has  risen  up  almost  vertically  through  the  lower  beds,  a  b 
and  e.  The  sketch  (Fig.  2)  shows  the  Whin  rising  up  near  the 
limestone  a.  The  locality  which  is  sketched  shows  veiy  clearly  that 
tiie  posts  of  limestone  near  the  Whin  are  quite  undisturbed— there 
has  been  no  tendency  for  the  Whin  to  lift  them  up  with  itself  as  it 


Pio.  2.  Basalt  aild  saccharoid  Limstone,  "  cheek  by  jowl,"  White  Well, 

Cronkley  Fell. 

a  Basalt,  heather-corered.        b  Limestone,  grass-coyered 

rises.  That  we  get  such  oppositions  of  inclined  Whin  faces  and 
edges  of  horizontal  sedimentary  beds  cannot  be  accounted  for  by 
faults:  in  the  first  pl&ce  we  should  frequently  have  to  imagine 
fiiults  almost  circular,  in  the  second  we  can  sometimes  see  clearly 
that,  when  the  Whin  rises,  it  has  resting  on  it  higher  beds  than  it 
had  when  it  was  on  a  lower  level,  a  thickness  of  beds  corresponding 
to  the  height  of  its  rise  being  missing ;  in  the  third  the  Whin  faces 
can  usually  be  made  out  to  be  not  fault  faces,  but  original  surfaces 
exposed  by  denudation.' 

^  This  section  is  noticed  and  figured  hy  Sedgwick  in  the  paper  already  alluded  to : 
he  notices  it  as  heing  specially  interesting  hecause : — 1 .  The  Whin  is  not  parallel  to  the 
beds  on  which  it  rests.  2.  The  limestone  has  heen  altered  into  a  saccharoid  condition 
by  the  Whin.  To  these  we  may  add :  3.  Of  the  occurrence  of  Garnets,  Prehnite, 
and  Rutile  (F)  in  the  Whin,  near  its  surface.  4.  Of  showing  very  well  the  bending 
round  of  the  master  joints  in  the  Whin,  as  its  base  changes  irom  a  horizontal  to  an 
inclnoed  position ;  the  joints  always  keeping  perpendicular  to  the  base  of  the  Whin. 

>  Ilie limestone  a  is  probahly  the  top  of  me  Melmerby  Scar  Limestone. 

'  That  these  surfaces  are  original  is  made  out  by — 1.  The  extremely  fine  grain  of 
the  Whin.  2.  The  occurrence  of  Garnets  and  Pyrites,  on  or  near  them.  3.  The 
presence  of  bits  of  altered  rock  clinging  to  them  in  places. 


436  C.  T.  Clough—The  Whin  Sill  of  Teesdale. 

Going  up  the  northern  slope  of  Noon  Hill,  in  Yorkshire,  we  have 
a  section  something  as  below,  banning  from  the  bottom  : — 

a.  limeetone,  100ft.  (seen,  there  is  probably  more  covered  up  by  Drift,  etc.) 

b.  Sandstone,  60ft. 
r.  Limestone,  20ft. 
d.  Sandstone,  8ft. 

Whin. 

If,  from  the  top  of  the  hill,  we  walk  along  tha  fell  in  a  westerly 
direction  for  a  few  hundred  yards,  we  find  a  great  change.  We  can 
trace  the  thick  sandstone  running  on,  and  we  can  see  the  limestone, 
c,  coming  on  above  it  at  the  next  elevation,  but  when  we  look  for 
the  thick  limestone,  a,  we  can  find  no  trace  of  it — instead  of  the 
limestone  we  have  a  bed  of  Whin,  with  a  thickness  of  probably 
200ft.  at  least.  This  great  mass  of  Whin  has  suddenly  come  in,  in 
the  space  between  us  and  Noon  Hill,  and  yet  the  sandstone  shows 
no  evident  signs  of  disturbance. 

There  are  many  irregularities  in  the  Whin  about  Birkdale,  in 
Westmoreland,  and  several  cases  where  a  Whin  bed  suddenly  ceases 
entirely.  In  such  cases  we  can  often  see  the  swallow  holes,  marking 
the  tops  of  the  limestones,  going  on  in  even  lines,  in  spite  of  all  the 
changes  in  the  Whin  below. 

The  above  places  may  be  taken  as  fairly  representing  what  usually 
occurs  in  Teesdale  when  the  Whin  surface  is  irregular.  I  do 
not  wish  to  go  beyond  the  facts  at  all,  nor  to  give  any  one  the  idea 
that  there  are  no  instances  of  mechanical  disturbance  in  the  Dale. 
There  are  probably  such  instances  at  the  White  Force,  and  at  Skue 
Trods,  both  on  the  east  side  of  Cronkley  Fell,  and  Sedgwick  mentions 
two  (op.  ciL)  on  the  left  banks  of  the  Lune,  near'  Lonton.  But,  in 
spite  of  these  exceptions,  I  may  safely  say  that  the  absence  of 
mechanical  disturbance  is  most  striking.  Of  this  I  think  we  have 
con'oborative  evidence  in  the  fact  that  there  are  no  faults,  or  veins, 
known  in  the  Dale,  that  do  not  go  through  the  Whin  equally  with 
the  sedimentary  beds ;  all  the  ruptures  known  have  been  made  sub- 
sequently to  the  formation  of  the  Whin,  there  are  none  contempor- 
aneous with  it  and  made  by  it ;  in  spite  of  all  its  irregularities,  in 
thickness  and  position,  it  is  not  known  to  have  once  succeeded  in 
actually  breaking  the  beds  among  which  it  was  thrust. 

What  does  this  general  absence  of  disturbance  mean  ?  Suppose 
we  get  a  horizontal  bed  of  limestone  or  of  sandstone  gradually  cut 
through  by  an  inclined  face  of  Whin.  The  question  naturally  arises, 
what  has  become  of  the  bed,  where  it  ends  abruptly  against  the 
Whin  face.  It  cannot  have  been  compressed  into  nothing.  It  may 
have  been  broken  up  into  fragments  which  have  been  carried  away 
to  a  distance,  and  left  as  isolated  pieces  in  the  Whin,  or  it  may  be 
lying  at  the  other  surface  of  the  Whin,  or  it  may  have  been  dissolved 
up  by  the  Whin.  As  far  as  regards  Teesdale  I  do  not  think  the 
first  supposition  is  at  all  a  probable  explanation  of  the  facts,  for  I 
have  not  noticed  any  isolated  fragments  in  the  Whin  ;  there  may 
still,  of  course,  be  some,  but  those  there  are  must  be  rare,  whereas 
the  explanation  would  require  them  to  be  numerous.     There  are 
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aectioDB  ahovring  thia  beds  of  sandstone,  etc.,  between  Wbin,  but 
these  beds  would  be  found  to  be  continuous  with  the  mass  of  the 
sedimeutaiy  rooks  of  the  oountry,  if  we  could  only  trace  them  on, 
and  are  not  fragments  entirely  surrounded  by  Whin  (Q.J.G.S.  vol. 
TTii.  No.  128,  The  Section  at  the  High  Force,  Teesdale).  Ac- 
cording to  the  second  supposition  the  beds  have  been  disturbed  by 
the  irregularity  of  the  Whin,  though  the  effect  of  the  disturbance 
is  seen  on  the  opposite  aide  of  it  to  that  on  which  we  see  the 
irregularity.  Fig.  8  represents  the  state  of  the  case  according  to 
this  supposition.  Unfortunately,  it  is  not  usual  to  get  sections 
showing  both  the  top  and  bottom  of  the  Whin,  and  I  cannot  say 
that  the  case  may  not  be  so  at  times,  though  I  know  of  no  evidence 
for  iL     But  it  does  not  seem  at  all  satisfactory  to  have  to  suppose  so 


a  Sedimantu;  bedg.        i  Bualt. 


frequently  that  what  we  cannot  see  is  different  from  what  we  can 
see,  that  the  beds  on  the  side  of  the  Whin  we  cannot  see  have 
been  disturbed,  while  those  on  the  side  we  can  see  have  not  been 
disturbed.  Moreover,  in  the  case  of  an  actual  fracture  of  the  beds, 
I  think  there  wouhl  probably  remain  some  indication  of  the  tension 
which  preceded  it,  t.e.  the  beds  would  show  some  tendency  to 
uaume  a  dip  parallel  to  the  Whin  face,  even  if  they  had  not  actually 
done  so. 

Fortunately,  we  have  in  a  few  places  much  more  direct  evidence 
than  mere  aWnee  of  disturbance,  to  show  that  certain  beds  liave  been 
absorbed  by  the  Whin.  There  are  a  few  sections  which  show  at 
onoe  the  bottom  and  top  of  the  Whin,  and  the  beds  above  and  below, 
and  so  clearly  that  we  may  with  certainty  recognize  these  beds; 
and  we  oan  see  in  such  cases  that  certain  beds  are  missing  where  the 
Whin  now  is. 

The  best  section  of  this  kind  that  I  know  of  is  near  Lodge  Gill, 
in  Westmoreland,  on  the  side  of  the  Tees  about  two  miles  above 
Caldron  Snout.  We  have  here  three  sykes,  Cookie  Syke,  Rowantreo 
Syke,  and  Lodge  Gill  Syke,  falling  into  the  Tees  from  the  West ; 
Cockle  Syke  lies  E.S.E.  from  Rowantree  Syke  and  is  about  400 
yards  from  it  (at  the  points  where  we  wish  to  compare  their 
sections)  ;  Bowantree  Syke  lies  in  the  same  direction  from  Lodge 
Gill  Syke,  and  is  about  100  yards  from  it 

The  sections  in  Cockle  Syke  and  Rowantree  Syke  are  as  follows 
b^linning  firom  below : — 
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Cockle  Stkb. 
a.  Limestone. 

30ft.   shale ;    with  occasional  girdle 

beds ;  4in.  coal  at  top. 
3ft.  shale ;  with  girdle  beds. 
17ft.  sandstone. 

30ft.  strong  sandstone  seen  near  the 
top ;    signs  of    a  little    limestone 
coming  in  about  12ft.  from    the 
top. 
/>.  Limestone.^ 


BOWAMT&BB 

a.  limestone. 
3ft.  calcareous  shale. 
14ft.  altered  shale. 
21ft.  Whin. 
25ft.  strong  sandstone;  rests  am«- 

rently  directly  on  the  Whin ;  then 
strong  girdle  beds  and  sandstone; 
no  shale. 

5ft.  limestone. 

12ft.  sandstone ;  thin  flags  in  places. 

b.  Limestone. 

In  Cockle  Syke  the  vertical  distance  between  the  two  extreme 
limestones,  a  and  b,  is  about  80  ft  In  Rowantree  Syke,  if  we 
include  the  Whin,  the  distance  is  the  same ;  if  we  exclude  the  Whin, 
it  is  59  ft.  There  can  be  no  doubt  that  the  limestones,  a  and  6,  are 
correctly  correlated  in  the  above  sections.  Also  the  section  between 
these  two  limestones  has  wherever  seen  in  the  neighbourhood  kept 
very  constant,  and  is  not  likely  to  have  changed  greatly  in  the  short 
distances  between  the  sykes.  We  are  then,  apparently,  entitled  to 
conclude  that  in  this  instance,  a  thickness  of  sedimentary  beds 
ecjual  to  the  thickness  of  the  Whin  is  missing  where  the  Whin  is. 
In  Cockle  Syke  there  is  no  Whin  arid  we  have  the  normal  thickness 
of  beds  between  the  two  limestones  a  and  b ;  between  Cockle  Syke 
and  Rowantree  Syke  a  Whin  bed  has  come  in,  which  in  Rowantree 
Syke  is  21  ft  thick,  and  just  this  thickness  of  sedimentary  beds  is 
here  missing. 

In  Lodge  Gill  Syke  the  section  is  not  so  clear ;  there  are  a  good 
many  small  strings  and  veins  about,  and  the  beds  are  in  places 
dipping  rather  high  and  variously.  It  would  not  be  safe  to  place 
much  dependence  on  the  data  derived  from  this  syke  alone.  Never- 
theless, the  appearances  are  all  in  favour  of  there  being  still  more 
feediraentary  beds  missing  here  than  there  are  in  Rowantree  Syke, 
and  at  the  same  time  the  Whin  bed  in  it  is  considerably  thicker. 
The  apparent  section  is  as  follows  beginning  from  below  : — 


a.  Limestone. 

10ft.  shale:   very  calcareouB  in  places. 


2ft.  hard  fine-grained  sandstone. 
6ft.  shale. 

7ft.  hard  fine-grained  sandstone. 
4ft.  limestone. 

And  then  about  12ft.  np  to  base  of 
the  limestone  b. 


2ft.  AVhin. 
3ft.  shale. 
41ft.  Whiu. 
lit.  sandy  shale. 

Another  instance  of  this  kind,  not  on  so  large  a  scale,  but  more 
accessible,  is  to  be  seen  at  the  High  Force.  I  have  already 
(Q.J.G.S.  vol.  xxxii.  No.  128)  referred  to  the  fact  that  a  6  ft.  Whin 
underflow  can  be  seen  starting  from  the  base  of  the  main  Whin  near 
tlio  North  end  of  the  Force,  and  ending  not  far  from  the  South  end. 
The  following  diagram  (Fig.  4.)  represents  roughly  the  changes 
that  take  place  here.  At  the  South  end  of  the  section  the  thickness 
of  shale  between  the  base  of  the  main  Whin  and  the  top  of  the 
limestone  is  about  20  ft.      In  the  middle  of  the  section  the  total 


*  The  limostono  b  is  the  second  thick  limestone  below  the  Tyne  Bottom  limestone ; 
it  ia  about  130  ft.  below  it. 
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thicknera  of  the  ebale  present  is  about  lift.  The  shale  layer  which 
is  immetli&tel;  below  the  Whin  at  the  South  end  can  be  traced 
running  on,  and  we  may  be  certain  that  it  is  no  higher  than  the  base 
of  the  main  Whin  in  the  middle  of  the  section.'     We  will  take  this 
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Fra.  4. — Biagram  SectioD  at  the  High  Force. 
a.  Bamlt  h.  Slule.  e.  limaetoiie. 

I  W  Here  the  natural  secljon  ii  slightlj  obscure,  the  edgee  of  the  Whin  are  given  in 
broken  linea.] 

sbale  layer  as  one  geological  horizon  and  the  top  of  the  limestone  aa 
another.  Between  these  two  horizons  we  ought  to  find  the  same 
sedimentary  beds  at  any  place  in  the  section,  because  there  is  no 
sign  of  any  change  taking  place  in  the  character  or  tbickness  of  the 
beds.  Instead  of  this,  we  have  at  the  South  end  of  the  section 
about  20  ft.  of  shale  between  these  hori;eons,  and  in  the  middle  only 
14  ft.  There  is,  therefore,  G  ft.  of  shale  missing  in  the  midJle  of  the 
section,  and  we  have  jufit  about  this  thicknese  of  Whin  instead  of  it. 

An  instance  somewhat  simitar  to  the  preceding  two  has  been  noted 
by  my  colleague  Mr.  D.  Burns,  in  connexion  with  the  "Little  Whin 
Sill  "  of  Weardale.  He  says  (Pi-oceedings  of  the  North  of  England 
loetitute  of  Mining  and  Mechanical  Engineers,  vol.  xxrii.  IdT'J, 
On  the  Intrusion  of  the  Whin  Sill) : — '•  In  Weardale,  what  has  betn 
called  the  Little  Whin  Sill  crops  out  from  Kookhope  to  Slanhoiie, 
and  it  may  extend  much  further  eastward,  between  two  posts  of  the 
Three  Yard  Limestone.  This  limestone  is  pretty  uniformly  of  the 
thickness  which  its  name  implies,  but  where  it  includes  the  Whin, 
there  is  at  some  points  only  two  feet  of  limestone  on  the  top,  and  one 
foot  below.  I'liis  shows  that  the  limestone  is  either  abnormally 
thin,  or  that  the  WTiin  in  some  way  has  destroyed  a  fathom  of  tt:  the 
latter  intepretation  is  certainly  much  more  probable  than  the  other." 

I  do  not  think  that  any  theory  of  pre-existing  fissures  wilt  help  us 
to  explain  facts  like  these.  Such  fissures  would  have  often  to  lie  of 
very  lar^  dimensions,  to  be  inclined  at  all  angles  from  vertical  to 
Itorizontal,  and  to  occur  in  all  the  sedimentary  beds  alike,  in  sand- 
stone and  shales  as  well  as  limestones.  What  agent  could  produce 
■  It  is  probably  a.  little  lower,  becaora,  at  indicated  in  the  diagram,  the  Whin  buso 
wenu  to  have  mn  down  slightlj  towarda  the  South  in  one  place. 
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such  fissures,  and  why  is  there  no  sign  of  there  being,  or  ever  hariDg 
been,  any,  except  -where  the  Whin  is  ?  The  only  fissures  that  are 
known  in  the  Dale  are  either  small  caves  in  the  limestone,  or  fault 
fissures,  and  these  last  are  generally  approximately  vertical  and 
never  very  wide.  The  faults  too,  as  has  been  already  said,  appear 
to  be  all  posterior  to  the  Whin,  so  that  even  the  few  fissures  which 
do  exist  cannot  be  called  in  to  help  us. 

I  wish  particularly  to  guard  myself  against  being  supposed  to 
consider  that  all  the  Whin  Sill  has  been  made  by  the  melting  down 
of  sedimentary  beds.  Some  of  the  instances  that  I  have  noticed 
certainly  seem  to  show  that,  in  places,  just  the  same  thickness  of 
sedimentary  matter  has  been  absorbed  into  the  Whin,  as  the  thick- 
ness of  the  Whin  there  present,  but  of  course  it  does  not  follow  that 
this  is  so  generally,  and  in  considering  this  question  I  wish  to  keep 
within  the  facts  as  strictly  as  possible.  I  do  not  say  that  the  Whin 
Sill  of  Teesdale  is  wholly  made  up  of  sedimentary  beds ;  I  only  say 
that  in  certain  places  certain  sedimentary  beds  have  gone  to  help 
to  make  it;  and  because  this  is  so  in  Teesdale  it  does  not  necessarily 
follow  that  it  is  so  in  other  districts.  There  might  be  particular 
reasons  in  Teesdale,  arising  either  out  of  the  character  of  the 
sedimentary  beds  or  the  heat  of  the  intrusive  mass,  which  caused 
more  beds  to  be  there  dissolved  up  than  in  other  places. 

But  if,  on  independent  authority,  it  can  be  shown  that  similar  beds 
of  Whin  in  other  districts  have  behaved  in  the  way  the  Whin  Sill  of 
Teesdale  is  said  have  done,  such  evidence  of  course  strongly 
confirms  that  collected  here.  Now  of  such  confirming  cAndence  there 
is  no  lack.  I  have  already  mentioned  an  instance  from  Weardale. 
I  am,  informed  by  my  colleague,  Mr.  J.  G.  Groodchild,  that  the 
excellent  sections  to  be  seen  on  the  Pennine  escarpment  show 
clearly  the  same  absence  of  disturbance  by  the  Whin,  and  the  same 
apparent  loss  of  sedimentary  beds  where  it  puts  on. 

In  reference  to  the  **  Whin  Sills  "  of  Scotland,  Dr.  James  Geikie 
writes  to  me  (Nov.  29,  1878): — "In  the  Dalmellington  coal-field 
tliere  are  some  very  thick  sheets  of  intrusive  basalt-rock,  which  are 
persistent  throughout  the  whole  field.  Thus  in  sinking  for  the 
black  band  ironstone  the  miners  may  pass  through  one  or  more 
sheets,  or  they  may  not  encounter  the  thinnest  squirt  ....  some  of 
these  were  not  less  than  30  or  40  feet.  Now,  it  was  found  that  the 
occurrence  of  one  or  more  of  these  beds  in  a  shaft  added  nothing  to 
the  thickness  of  the  strata.  That  is  to  say,  that  the  distemce  between 
two  well-known  horizons  (such  as  the  black  band  and  the  coals  at 
r»0  or  60  fathoms  above  it)  was  not  increased  by  the  addition  of  the 
Whin  floats.  The  manager  of  the  ironworks  and  his  engineer  assured 
us  that  this  held  so  true  that  in  sinking  a  shaft  they  always  got  the 
ironstone  at  the  estimated  depth,  no   matter  whether  Whin-floats 

made  their  appearance  or  not I  have  certainly  seen  cases 

where  beds  are  without  doubt  entirely  substituted  by  basalt  Thus 
seams  of  coal  are  occasionally  quite  eaten  up  and  their  place  taken 
by  '  white  trap,'  and  I  have  seen  the  same  in  the  case  of  a  lime- 
stone band." 
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Mr.  B.  N.  Peach,  also,  of  the  Geological  Survey,  informs  me  that 
in  the  Stirlingshire  Coal-field,  the  Whin  Sill  which  crops  out  from 
Denny  to  the  Abbey  Craig  at  Stirling  eats  up  near  Denny  the  lowest 
limestone  and  several  fathoms  of  other  beds,  for  a  distance  of  three 
or  four  miles.  That  these  beds  had  not  thinned  out  previous  to  the 
intrusion  seems  clear  from  the  limestone  passing  into  the  trap  above 
and  emerging  from  beneath  it  about  four  miles  north  from  the 
place  of  disappearance,  no  limestone  being  found  in  the  intermediate 
place.     Figure  5  roughly  represents  the  state  of  the  case  here. 


Fio.  6.- 


3 — 4  miles. 

-Diagram  of  the  Whin  Sill  from  Demiy  to  the  Abbey  Craig  at  Stirling. 
a.  Limestone.  b,  Whin. 


There  is  some  suspicion  of  the  same  kind  of  thing  in  the  South 
Sta£ford shire  Coal-field.  The  following  passage  occurs  in  Jukes' 
memoir  on  this  Coal-field,  page  182  : — "I  was  assured  also  by  almost 
every  one  engaged  in  the  works  of  this  neighbourhood  that,  notwith- 
standing the  variation  in  thickness  of  the  *  green  rock,'*  there  was 
no  change  in  the  total  thickness  of  the  measures  ;  that,  for  instance, 
the  thickness  between  the  New  mine  coal  and  the  Blue  flats  ironstone 
remained  the  same,  whatever  might  be  the  variation  in  the  *  green 
rock.'  In  other  words  it  was  affirmed  almost  universally  that  the 
'green rock'  not  only  intruded  between  the  measures,  but  obliterated 
a  mass  of  beds  equal  to  its  own  thickness."  He  then,  however, 
goes  on  to  show  by  various  pit  sections  that  this  statement  certainly 
does  not  hold  good  for  all  places,  and  apparently  concludes  that  any 
truth  there  is  in  it  may  be  explained,  either  by  the  squeeze  of  the 
measures  having  been  greater  the*  greater  the  thickness  of  ttie 
basalt,  or  by  a  partial  thickening  or  thinning  of  the  basalt  having 
in  places  happened  to  coincide  with  the  reverse  in  the  other  beds. 

The  stratigraphical  evidence,  indeed,  of  the  assimilation  is  so 
strong,  and  from  so  many  different  quarters,  that  I  do  not  think  it 
would  be  right  to  shut  our  eyes  to  it  for  fear  of  facing  certain 
theoretical  difficulties. 

The  main  difficulty  which  at  first  presents  itself  is  the  chemical 
one.  It  is  objected  that  the  Whin  is  of  very  uniform  chemical 
composition  throughout,  but  that  the  beds  which  are  supposed  to 
have  been  absorbed  are  of  very  various  composition — that  in  one 
place  you  suppose  a  great  mass  of  limestone  to  have  been  absorbed, 
and  in  another  place  a  mass  of  sandstone,  and  yet  there  is  no 
trace  in  either  place  of  there  being  so  much  extra  CaO  or  SiO,  in 


^  **  Green  Rock  "  is  the  local  name  for  intrusive  sheets  of  basalt  in  the  South 
Staffordahire  Coal-field. 
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the  Wliin.  It  would  be  a  very  laborious  task  to  prove  that  the  Whin 
is  so  uniform  in  oomposition  as  asserted,  but  I  think  that  we  may 
oonchide  that  it  probably  is  so,  from  its  general  mineralogioid 
uniformity  and  the  results  of  the  few  analyses  that  have  been  made 
of  it  Some  time  ago  I  got  analyses  of  two  samples  of  Teesdale 
Whin  executed  in  Dr.  Percy's  laboratory:  one  sample  was  taken 
from  the  top  of  Widdy  Bank  Fell,  where  I  thought  a  mass  of  lime- 
stone had  probably  been  absorbed  by  the  Whin,  and  the  other  from 
the  neighbourhood  of  Forest  Church,  where  it  seemed  more  likely 
that  sandstone,  shale,  and  limestone,  in  about  equal  proportions,  had 
been  absorbed.  It  will  be  seen  from  the  appended  details  that  the 
two  samples  are  essentially  the  same  chemically  just  as  they  are 
mineralogically : — 

Basalt  from  Teward*8    Bridge,  near 

Forest  Church. 

Compodtioa 
per  eent, 


Basalt  from  Tinkler^s  Syke,  top  of 

Widdy  Bank  Fell. 

Compodition 
per  cent. 

DlllCa     .a.  ...  ...  a,.  ..•  ...  01     4/ 

Alumina     16*48 

Protoxide  of  Iron     8*49 

Peroxide  of  Iron       3*61 

Protoxide  of  Manganese 0*46 

ijime  ...     ...     ...     »••     ,,,     ...  o'ZZ 

Magnesia      6*10 

Potash        3*28 

^  vUO        ••  •••  «A*  »a»  •••  •••  XXO 


017. 
1-70 


oiiica  ...     •••     ...     ... 

Alumina     

Protoxide  of  Iron 
Peroxide  of  Iron 
Protoxide  of  Manganese 

J-illllO     ...         ...         ...         ... 

Magnesia    

Potash       

OOUa    .••       .••       ...       ... 


10016 


Iron  0037  \  t^«  t>,,^*^ 

Sulphur    0-043  r"'"  ^^*« 
Water  i  hygroscopic     1  '20  ) 
water  |  Combined        0  80  ) 


60-35 
16-80 
8-36 
3-61 
0-41 
9-01 
6-73 
2-87 
1-07 

008 
2-00 


10019 


Specific  Gravity  2*84. 


Iron  0-08 )  t        tu^*. 

Sulphur    009  r^^"^^^^ 

Specific  Gravit)'  2-82 

But  any  force  which  this  objection  possesses,  depends  upon  the  as- 
Bumplion,  that  if  sedimentary  beds  were  taken  up  by  the  Whin  they 
would  remain  in  it  close  at  hand  to  their  original  situation,  whereas 
there  may  have  been  a  very  general  circulation,  both  on  a  large  scale 
and  molecule  by  molecule,  reducing  all  the  parts  of  the  mixture  to  a 
general  uniformity  of  composition.  The  very  possibility  of  forming 
alloys  and  of  modifying  the  properties  of  metals  by  adding  to  them 
small  portions  of  other  substances  depends  upon  this  principle  of 
circulation  or  diffusion,  so  that  it  cannot  be  said  that  we  are  without 
warrant  for  it.  And,  whatever  theory  of  the  formation  of  igneous 
rocks  we  adopt,  it  seems  necessary  to  suppose  that  there  has  been  in 
them  such  a  circulation  at  some  time  or  other,  when  they  were  in  a 
molten  state,  for  otherwise  how  can  their  uniformity  of  character 
over  large  areas  be  accounted  for  ?  We  may  suppose  them  to  have 
been  made  at  a  time  very  far  back  indeed — to  be  contemporaneous 
with  the  "  beginning  of  the  world  "  —or  we  may  suppose  them  to 
be  of  mucli  later  date ;  but  in  either  case  we  must  suppose  that 
there  was  some  kind  of  general  circulation  or  diffusion  through  their 
mass  bringing  them  down  to  an  uniform  composition,  as  far  as 
consistent  with  their  physical  surroundings. 
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If  we  grant  the  probability  of  snch  a  general  circulation,  and  if 
vee  consider  the  immense  area  over  which  the  Whin  Sill  is  known 
to  extend,  and  the  still  larger  area  over  which  it  may  be  supposed  to 
extend,  both  laterally  and  still  more  vertically,  in  connexion  with 
some  deep-seated  mass,  it  does  not  seem  a  very  likely  thing  that 
these  devoured  beds,  when  their  material  is  distributed  through  the 
intrusive  mass,  should  have  much  e£fect  in  altering  its  original 
composition.  For  large  though  these  beds  may,  in  some  places,  be, 
yet  we  must  consider  that  they  are  not  always  of  the  same  chemical 
composition ;  that  sometimes  they  are  of  limestone,  and  sometimes 
of  sandstone,  and  sometimes  of  shale,  and  sometimes  of  other  rocks, 
and  that  it  may  well  be  that  the  sum  total  of  the  devoured  beds 
when  boiled  down  would  produce  a  mass  not  much  unlike  that  of 
basalt.  For  if  the  sedimentary  beds  are  but  the  ''  ruins "  of  a 
primitive  igneous  mass,  we  must  suppose  that  an  average  of  them 
would  represent  fairly  well  the  chemical  constitution  of  this  mass.^ 
In  a  country  where  the  beds  among  which  the  Whin  lies  are  not 
very  dissimilar  to  it  in  composition,  and  would  of  themselves  make 
a  rather  fusible  mixture,  it  would  not  be  unnatural  to  suppose  that 
there  would  be  a  greater  tendency  for  them  to  be  assimilated  than  in 
other  countries ;  and  this  may  be  the  reason  why  in  Teesdale  there 
seem  to  be  such  prominent  cases  of  missing  beds. 

It  may  be  objected  in  the  second  place  that  there  is  no  trace  of  any 
passage  in  character  between  the  Whin  and  the  other  beds,  but  that  if 
it  is  true  that  these  beds  have  been  at  times  completely  boiled  down 
into  Whin,  we  should  expect  frequent  instances  of  their  gradual 
passage  into  Whin.  As  a  rule  nothing  could  be  sharper  than  the 
junction  between  the  Whin  and  the  sedimentary  beds :  it  is  like  a 
knife  edge.  Near  the  Winch  Bridge,  and  at  a  few  other  places,  the 
junction  specimens  seem  to  contain  irregularly  alternating  bands  of 
Whin  and  of  these  beds,  and  it  is  not  always  easy  to  say  which  is 
which ;  but  this  is  decidedly  exceptional.  This  sharpness  of 
junction  is,  however,  to  be  seen  in  the  results  of  nearly  all  chemical 
experiments,  and  is,  I  think,  to  be  explained  by  the  definiteness  of 
character  of  chemical  action.*  Some  molecules  of  SiOj  or  of  CaCO,,  etc., 
have  been  absorbed  by  the  basalt :  these,  we  may  suppose,  have 
taken  part  in  chemical  reactions  with  certain  constituents  of  the 
basalt,  and  have  thus  lost  all  outward  likeness  to  their  former 
selves.  Other  molecules  have  not  combined  chemically  with  any 
part  of  the  basalt,  but  have  only  been  induced  by  its  heat  to  build 
themselves  up  in  slightly  different  shapes  from  what  they  had  before, 
ftnd  these  still  retain  to  a  recognizable  extent  the  chief  of  their  old 
characters.  And  between  these  two  sets  of  molecules  a  sharp  dis- 
tinction has  thus  been  set  up. 

*  It  is  true  that  if  we  simply  regard  the  more  ordinary  sedimentary  rocks,  lime- 
ttones,  sandstones,  and  shales,  we  should  find  in  them,  when  compared  with  most 
igneous  rocks,  a  decided  deficiency  in  the  alkalies.  But  we  have  also  to  call  to  mind 
£e  great  beds  of  Rock  Salt  (NaCl),  Camallite  (KCl,  MgCl,,  6  HjO),  etc.,  which 
ixist  in  many  places. 

•  The  late  Kev.  J.  C.  Ward  has  already,  in  reference  to  the  Eskdale  and  Shap 
Sranites,  raised  the  question  whether  an  altered  rock  may  not  have  a  sharply, 
lefined  margin  (Q.  J.G.S.  toI.  xxxi.  No.  124,  p.  592). 
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If  the  altered  rock  had  been  in  its  intimate  composition  of  co     m- 
plicated  chemical  character,  then,  under  the  influence  of  the  basa7  t's 
heat,   its  particles   might  have  entered   into   fresh  chemical  co  ks- 
binations    among    themselves,    and   have  assumed  an  appearac^ce 
slightly  resembling  that  of  the  basalt,  and  this  resemblance  mi^li^ 
have  been  increased  by  the  vapours  ascending  from  the  basalt     Bu^ 
the  altered  rocks  in  Teesdale  are  generally  of  comparatively  simpid 
character,  are  either  good  siliceous  sandstones  or  fairly  pure  lime- 
stones, etc..  and  in  their  case  the  alteration  by  heat  could  have  given 
rise  to  nothing  greatly  di£ferent  in  appearance  from  their  unaltered 
representatives. 

There  are  many  quartz  veins  in  the  Dale  which  there  can  be  no 
doubt  have  been  formed  in  great  part  not  simply  by  the  growth  of 
quartz  in  an  open  fissure,  but  also  by  the  replaoement  of  limestone 
by  quartz  along  the  sides  of  such  a  fissure.  This  is  shown  by  the 
quartz  vein  stuff  sometimes  containing  casts  of  crinotds,  corals,  etc. 
In  other  veins  the  ironstone  contains  similar  casts,  and  must  there- 
fore have  been  formed  by  the  replacement  of  limestone  by  the 
carbonate  or  peroxide  of  iron.  And  yet  in  both  these  cases  the 
passage  between  the  limestone  which  has  been  acted  on  and  that 
which  has  not  is  sometimes  so  sharp — being  comprised  within  an 
inch  or  so — that  it  may  help  us  to  conceive  how  igneous  rooks  may 
have  sharp  boundaries,  and  may  still  have  been  formed  in  part  by 
the  alteration  of  the  beds  whose  place  they  occupy.  I  do  not  mean, 
of  course,  that  these  junctions  are  so  sharp  as  those  of  the  Whin,  or 
that  in  other  respects  the  cases  are  quite  parallel,  but,  as  far  as 
regards  our  present  consideration,  the  main  differences  between  them 
are,  I  think,  that  the  substances  which  replaced  the  limestone  at 
once  became  solid  and  took  up  a  fixed  position  at  the  moment  they 
replaced  it,  while  in  the  case  of  the  igneous  rock  the  replaced  and 
the  replacing  substance  continued  to  form  together  a  fluid  mass. 

I  am  conscious  that  the  explanations  I  have  attempted  of  these 
difficulties  are  only  very  crude,  and  I  must  leave  it  to  others  to 
find  out  more  satisfactory  ones.  .  I  fully  admit  the  sharpness  of  the 
junctions  and  the  general  uniformity  of  composition  of  the  Whin  as 
much  as  any  one.  The  question  is  not  as  to  their  existence,  but  as 
to  their  value.  And  in  settling  this  it  seems  to  me  that  the  broad 
physical  evidence  in  the  field  is  of  paramount  importance.  Whatever 
this  evidence  clearly  points  to  we  ought  to  accept  There  may  be 
difficulties  facing  us,  but  if  we  have  made  quite  certain  of  our  facts 
to  begin  with,  we  may  be  sure  that  these  difficulties  are  only 
apparent,  and  will  in  time  be  cleared  away. 

If  it  be  granted  that  there  is  nothing  impossible  or  unusual  in 
these  sheets  of  basalt  eating  up  the  beds  among  which  they 
have  been  thrust,  it  will  be  necessary  also  to  allow  this  power  to 
various  other  intrusive  masses.  The  same  intrusive  mass  will, 
according  to  the  circumstances  surrounding  it,  sometimes  take  the 
form  of  a  sheet  and  sometimes  of  a  boss  and  sometimes  of  a  dyke. 
There  can  be  little  doubt  that  it  will  continue  to  have  essentially  the 
B&me  properties  and  powers  \.\itow^Vi  ^l  these  comparative  accidents 
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of  form.     When  it  is'  in  the  form  of  a  dyke,  or  of  a  boss,  we  cannot 

Bee   BO   clearly   what  the   physical  relations  between  it  and   the 

surrounding  beds  are  as  we  can  when  it  is  in  the  form  of  a  sheet,  for 

it  is  only  in  the   latter  case  that  we  have   our  sections  inclosed 

between  definite  and  recognizable  horizons — between  a  top  and  a 

bottom.      Yet  there  are  not  wanting  indications  of  assimilating 

power  derived  directly  from  dykes,  as  is  shown  by  the  following 

remarks  made  by  Professor  Hughes  on  the  mica  trap  dykes  of  the 

neighbourhood  of  Eirkby  Lonsdale  and  Sedbergh   (Qeol.   Survey 

Memoir,  98  S.E.,  pp.  41-42): — "They  do  not  appear  to  displace  but 

to  replace  portions  of  the  rock  in  a  manner  that  would  suggest 

that  portions  of  the  sedimentary  rock  had  been  assimilated  to  the 

mica  trap.     The  edges  of  the  beds  are  not  broken  off  or  pushed  aside 

as  one  might  expect  would  be  the  case  were  a  viscid  molten  mass 

squirted  violently  into  the  sedimentary  rocks,  and  the  opposite  walls 

of  the  dyke  often  do  not  correspond  as  they  should  do  if  the  molten 

mass  quietly  filled  an  open  fissure,  and  moreover,  when  the  rocks 

can  be  examined  in  the  neighbourhood  of  the  dykes,  such  fissures  do 

not  appear.    It  may  be  worth  consideration  whether  in  some  cases 

it  might  not  be  possible  that  the  action  of  gases  or  of  hot  water 

holding  minerals  in  solution,  communicating  along  lines  of  fissures 

with  the  joints,  might  produce  the  phenomena  observed." 

And  I  think  it  is  scarcely  necessary  to  add  that  many  large  granitic 

or  syenitic  masses,  even  though  sharp  junctions  are  commonly  found 

round  their  margins,  show  still  more  striking  instances  of  absence 

of  disturbance. 

APPENDIX. 

I  have  thought  it  woi*th  while  to  make  a  rough  estimate  of  the 
kind  of  mixture  we  should  get  if  we  imagined  the  rocks  which  occur 
in  the  neighbourhood  of  the  Whin  Sill  in  Teesdale  to  be  melted 
down  in  about  their  natural  proportions. 

A  very  common  position  for  the  Whin  is  about  20ft.  below  what 
is  called  the  Single  Post  Limestone,^  and  I  think  that  we  might  take 
the  200ft.  of  beds  which  usually  come  below  this  horizon  as  a  fair 
type  of  the  rocks  among  which  the  Whin  occurs  generally.  This 
200ft.  is  made  up  something  as  below,  beginning  from  the  top  : — 

pm*ic         •••       •••       •••       ••»       •«•       •••       •••       •••       •••       ••.       •••       tj  ^t  v« 

Limestone  (Tyne  Bottom)    32ft. 

Mainly  Sandstone 20ft. 

J_ilin68IOI16         •••       •••       •••       •••       •••       ••       •••         4Iv* 

^J  **9MA^  •••     •■•     ■•■     *••     •••     ••«     •*•     ••»     •••     ••*     •••     ^  v  A.  If* 

Sandstone      ■. 40ft. 

Limestone      26ft. 

Shale  and  Sandstone  in  about  equal  proportions        30ft. 

j^unestone      ...     ...     ...     ...     ...     7it. 

Or  we  might  say  that  we  have  roughly  in  this  200ft.,  70ft.  of 
limestone,  70ft.  of  sandstone,  and  60ft.  of  shale. 

To  show  the  composition  of  the  limestone  a  specimen  of  the  Tyne 

*  Curiously  enough  it  is  never  once  seen  in  the  Dale  immediately  below  the  T'^'t 
Bottom  Limestone,  although  this  is  the  position  a&ciibed.  V>  \\i\s^  \)l;\»^  ^\\s^  ^^^vsa^Kk 
itt  contemponmeoju  cbancter. 
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band.  d.  naturf.  GeselL  in  Basel,  Band  iii.  Heft  4,  1863),  and  lie 
proposed  to  call  them  Equus  caballus  fossilis.    Among  the  Contineiital 
Pliocene  forms  he  also  found  teeth  which,  being  indistinguishable 
from  the  recent  Horse,  he  also  referred  to  the  above  species.   Gert&ia 
of  the  Pliocene  Horse's  teeth,  however,  are  distinguished  by  having 
the  inner  pillar  of  enamel  in  the  upper  teeth,  smaller,  more  rounded, 
and  more  separated  from  the  rest  of  the  tooth,  than  is  the  case 
in  the  recent  or  Post-Pliocene  forms,  and  for  these  he  proposed  to 
retain  the  name  of  Equm  fossilis ;   subsequently,  however  (Weitere 
Beitrage,  etc.,  Abhaud.  d.  schweiz.  pal.  Gesell.,  1875,  vol.  iL),  he 
thought  it  well  to  adopt  Prof.  Cocchi's  name  of  Equus  Stenonis,  which 
had  been  proposed  by  the  latter  gentleman  for  teeth  of  a  similar 
character  (L'Uomo  fossile  nell'  Italia  centrale,  Milano,  1867,  p.  18). 

The  greater  number  of  Horses'  teeth  from  the  "Forest  Bed," 
which  have  come  under  my  notice,  I  cannot  separate  from  those  of 
the  recent  Horse,  and,  adopting  Prof.  Btitimeyer's  convenient  nomen- 
clature, refer  them  to  E.  caballus  fosaiUs,  Among  the  upper  molars, 
however,  a  few  examples  are  to  be  found,  in  which  the  inner  pillai 
of  enamel  is  smaller,  more  rounded,  and  more  separated  from  the  resf 
of  the  tooth,  than  in  any  recent  Horse's  tooth,  and,  in  fact,  resemblee 
so  closely  the  forms  figured  by  Riitimeyer,  and  called  E.  Stenonis^ 
that  I  feel  compelled  to  refer  them  to  that  species.  If  I  am  correct 
in  this  determination,  then  we  shall  have  to  recognize  two  species 
of  horso  in  the  "  Forest  Bed,"  E,  cahcUlus  fossilis,  Biitimeyer,  and 
E,  StenoniSf  Cocchi. 

Asinus  fossilis, — Mr.  A.  Bell  includes  the  Ass  as  a  "  Forest  Bed  " 
species,  but  1  have  failed  to  find  any  specimens  undoubtedly  from  the 
*'  Forest  Bed,"  which  could  be  referred  to  this  species.  The  smaU 
equine  teeth  in  the  King  Collection  are  of  very  uncertain  origin. 

Rhinoceros, — Although  the  earlier  writers  on  the  "  Forest  Bed  " 
fauna  thought  they  had  recognized  B,  tichorhinus  and  B.  leptorhinus^ 
yet  of  late  years  it  has  been  generally  acknowledged  that  neither  oj 
these  species  occur ;  the  remains  so  named  being  referable  to  the 
B,  etruscuSy  a  species  established  by  Dr.  Falconer,  in  1858  (Pal. 
Meras.  vol.  ii.  p.  354),  and  described  by  Prof.  Boyd  Dawkins  in  1866 
(Q.J.G.S.  vol.  xxiv.  p.  207).  Nearly  all  the  Bhinoceros  teeth  from 
the  **  Forest  Bed "  are  characterized  by  the  more  or  less  strongly 
developed  guard,  which  is  one  of  the  specific  peculiarities  of  B 
etruscus,  and  there  can  be  no  question  as  to  their  belonging  to  thai 
species.  In  Mr.  Gunn's  Collection  there  is  an  upper  fourth  premolai 
tooth,  which  was  referred  by  Messrs.  Lartet  and  Falconer,  after  lon| 
consultation,  to  the  B,  megarhinus  of  Christol.  These  gentlemen,  it 
appears,  had  some  doubts  about  this  tooth,  but  thought  it  more  nearly 
allied  to  the  last-mentioned  species  than  to  any  other.  A  comparisoi 
of  this  tooth  with  the  Bhinoceros  remains  in  the  British  Museun 
leads  me  to  the  same  conclusion;  but,  as  there  is  still  some  un 
certainty,  I  place  a  note  of  interrogation  after  the  species. 

Hippopotamus,  — The  Hippopotamus  remains  from  the  **  Forest  Bed' 
were  referred  by  Prof.  Owen,  in  1846,  to  his  H.  major ;  and  there  ii 
DO  reason  for  thinking  tkat  asi^  of  the  specimens,  more  reoentl; 
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If  the  mixture  were  melted  down,  the  oarbonio  acid  and  the 
organic  matter  could,  I  suppose,  scarcely  remain  in  it ;  the  water 
and  the  sulphuric  acid  might  also  be  driven  ofif  in  part  The 
proportion  of  iron  in  the  mixture  would  be  rather  greater  than  that 
calculated,  as  in  certain  parts  of  the  section  the  shale  contains  bands 
of  ironstone  nodules,  and  the  sandstone  is  not  always  so  quartzose 
as  the  specimen  analyzed. 


II. — Notes  ok  the  Yebtebrata  of  the  Pre-Qlagial  Fobest  Bed 

Series  of  the  East  of  England. 

By  E.  T.  Nbwtow,  P.G.S. 
{C<mtinuedfrom  p,  427.) 

PAET    III.— UNGULATA. 

IN  my  first  communication  on  the  Camivora  I  gave,  at  the  com- 
mencement, a  list  of  all  the  species  said  to  have  been  found  in 
the  "  Forest  Bed,"  and  then  at  the  end  a  corrected  list  The  same 
course  will  be  followed  in  the  present  instance,  so  as  to  show  at  a 
glance,  those  species  which  have  been  removed  and  those  which  have 
been  added  to  the  list. 

VvaXTLATA  SAID  TO  HAYB  BBEN  FOUKD    IN   THB    **  F0RE8T   BbD    SbRIBS."        (See 

also  corrected  list,  at  p.  452.) 


eaballuM, 

^ainus  fossilU. 
Hhinoeeroa  etruaetu. 

leptorhmua. 

megarhinu9. 

tichorhinua. 

Sippopotamtu  major. 

Sua  aerofa, 

— •  arvemenais. 

Boa  primigenitu. 

Biaon  priaeua, 

Ovia, 

Capra. 


Cervua  ardeua. 

bovidea. 

eapreolua, 

camutorum* 

dama. 

elaphua, 

Ounnii, 

latifrona. 

martialia, 

megaeeroa. 

Folignactu, 

Sedgwickii. 

verticomia. 

tarandua. 

(Axia.) 
(Ruaa.J 


Equus. — The  Equine  remains  found  in  the  "  Forest  Bed  "  were  re- 
ferred by  the  earlier  writers  to  the  same  species  as  the  recent  Horse, 
Equus  caballua;  but  in  1846,  when  Prof.  Owen  separated  certain 
fossil  forms  under  the  name  of  E.  fosailis,  some  of  the  **  Forest  Bed  " 
specimens  were  referred  to  it.  More  recently,  the  numbers  of  teeth 
obtained  have  shown  that  the  variations  are  even  greater  than  was 
supposed,  and  palsBontologists  have  found  it  impossible  to  separate 
the  Post- Pliocene  Horse  teeth  from  the  recent  forms,  by  any  constant 
character.  Moreover,  a  study  of  the  teeth  of  the  recent  Equine  species 
(vide  Owen,  Phil.  Trans.  1869,  vol.  189,  p.  617,  and  Eiitimeyer, 
Abhand.  d.  schweiz.  pal.  G^sell.,  1875,  vol.  ii.)  teaches  us  how 
extremely  difficult,  if  not  impossible,  it  would  be  to  distinguish 
isolated  teeth.  Eiitimeyer  is  of  opinion  that  the  Equine  remains, 
found  in  the  river-gravels  and  caves,  cannot  be  fipeci^oaW^  ^^-^^x^X^ 
from  the  recent  Horae  (vide  Beitrag.  z.  Kena.  dib  io^B.'^ist^^M^^^' 
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band.  d.  naturf.  Gesell.  in  Basel,  Band  iii.  Heft  4,  1863),  and  he 
proposed  to  call  thenoi  Equus  caballua  fossilis.    Among  the  Continental 
Pliocene  forms  he  also  found  teeth  which,  being  indistinguishable 
from  the  recent  Horse,  he  also  referred  to  the  above  species.   Certain 
of  the  Pliocene  Horse's  teeth,  however,  are  distinguished  by  having 
the  inner  pillar  of  enamel  in  the  upper  teeth,  smaller,  more  rounded, 
and  more  separated  from  the  rest  of  the  tooth,  than  is  the  case 
in  the  recent  or  Post-Pliocene  forms,  and  for  these  he  proposed  to 
retain  the  name  of  Equus  foBsilis ;   subsequently,  however  (Weitere 
Beitrage,  etc.,  Abhaud.  d.  schweiz.  pal.  Uesell.,  1875,  vol.  ii.),  he 
thought  it  well  to  adopt  Prof.  Cocchi's  name  oiEquus  Stenonis,  which 
had  been   proposed  by  the  latter  gentleman  for  teeth  of  a  similar 
character  (L'Uomo  fossile  nell'  Italia  centrale,  Milano,  1867,  p.  18). 

The  greater  number  of  Horses'  teeth  from  the  "Forest  Bed," 
which  have  come  under  my  notice,  I  cannot  separate  from  those  of 
the  recent  Horse,  and,  adopting  Prof.  Eiitimeyer's  convenient  nomen- 
clature, refer  them  to  E.  cahallus  fosailis.  Among  the  upper  molars, 
however,  a  few  examples  are  to  be  found,  in  which  the  inner  pillar 
of  enamel  is  smaller,  more  rounded,  and  more  separated  from  the  rest 
of  the  tooth,  than  in  any  recent  Horse's  tooth,  and,  in  fact,  resembles 
so  closely  the  forms  figured  by  Eiitimeyer,  and  called  E.  Stenonis, 
that  I  feel  compelled  to  refer  them  to  that  species.  If  I  am  correct 
in  this  determination,  then  we  shall  have  to  recognize  two  species 
of  horse  in  the  '*  Forest  Bed,"  E,  caballus  fossilis,  Biitimeyer,  and 
E,  Stenonis,  Cocchi. 

Asinus  fossilis. — Mr.  A.  Bell  includes  the  Ass  as  a  "  Forest  Bed  " 
species,  but  1  have  failed  to  find  any  specimens  undoubtedly  from  the 
**  Forest  Bed,"  which  could  be  referred  to  this  species.  The  small 
equine  teeth  in  the  King  Collection  are  of  very  uncertain  origin. 

Rhinoceros, — Although  the  earlier  writers  on  the  "  Forest  Bed " 
fauna  thought  they  had  recognized  B.  tichorhinus  and  B,  leptorhinus, 
yet  of  late  years  it  has  been  generally  acknowledged  that  neither  of 
these  species  occur ;  the  remains  so  named  being  referable  to  the 
i?.  etruscuSy  a  species  established  by  Dr.  Falconer,  in  1858  (Pal. 
Mems.  vol.  ii.  p.  354),  and  described  by  Prof.  Boyd  Dawkins  in  1868 
(Q.J.G.S.  vol.  xxiv.  p.  207).  Nearly  all  the  Bhinoceros  teeth  from 
the  *'  Forest  Bed  "  are  characterized  by  the  more  or  less  strongly 
developed  guard,  which  is  one  of  the  specific  peculiarities  of  B. 
etruscus,  and  there  can  be  no  question  as  to  their  belonging  to  that 
species.  In  Mr.  Gunn's  Collection  there  is  an  upper  fourth  premolar 
tooth,  which  was  referred  by  Messrs.  Lartet  and  Falconer,  after  long 
consultation,  to  the  B.  megarhinus  of  Christol.  These  gentlemen,  it 
appears,  had  some  doubts  about  this  tooth,  but  thought  it  more  nearly 
allied  to  the  last-mentioned  species  than  to  any  other.  A  comparison 
of  this  tooth  with  the  Bhinoceros  remains  in  the  British  Museum 
leads  me  to  the  same  conclusion ;  but,  as  there  is  stiU  some  un- 
certainty, I  place  a  note  of  interrogation  after  the  species. 

Hippopotamus.  — The  Hippopotamus  remains  from  the  "  Forest  Bed" 
were  referred  by  Prof.  Owen,  in  1846,  to  his  J3.  major ;  and  there  is 
DO  reason  for  thinking  l\xat  &n^  of  the  specimens,  more  recently 
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•btained,  represent  a  second  species ;  on  the  other  hand,  it  is  open  to 
[nestion,  whether  the  fossil  M.  major  is  specifically  distinct  from  the 
ecent  JSl  amphibius.  For  the  present  it  seems  to  me  best  to  retain 
he  name  of  IT.  major. 

Sua. — The  Pigs'  teeth  preserved  in  the  Green  Collection  at  the 
British  Museum,  and  alluded  to  by  Prof.  Owen  (Brit.  Foss.  Mams. 
).  429),  are  without  doubt  the  same  as  the  recent  Sua  acrofa,  A 
ragmeut  of  a  last  molar  tooth  in  the  King  Collection,  at  the  Museum 
)f  Practical  Geology,  is  certainly  a  portion  of  a  very  large  tooth, 
lud  may  have  belonged  to  another  form  ;  but  it  would  be  uuwise 
:o  attempt  to  refer  it  definitel}'  to  any  species.  I  see  no  reason  what- 
ever for  referring  this  or  any  other  "  Forest  Bed  "  specimen  to  the 
Sua  arvernenaia. 

Boa  or  Biaon, — Boa  primigentua  and  Biaon  priacua  have  both  been 
^iven  as  "  Forest  Bed  "  species.  Numerous  bovine  remains  have 
been  obtained;  but  at  present  I  have  been  unable  to  find  any 
specimens  of  the  skull  with  horn-cores,  without  which,  it  seems  to 
me,  one  cannot  speak  with  certainty.  Prof.  Boyd  Dawkius  is  of 
opinion  that  some  of  these  remains  may  be  recognized  as  Boa 
orimigentua.  I  cannot  feel  the  sante  certainty  ;  but  it  will  perhaps 
be  best  to  retain  this  name  and  to  indicate  the  uncertainty,  as  in 
^ihei*  cases,  by  a  note  of  interrogation. 

Ooia  or  Capra. — Mr.  A.  Bell  includes  these  in  his  list  of  "  Forest 
Bed  "  Vertebrates,  but  so  far  as  I  can  find,  the  determination  rests 
upon  some  bones  found  by  Mr.  Gunn,  the  age  of  which  is  so 
uncertain,  or  rather  it  is  so  extremely  probable  that  they  are  of 
much  more  recent  origin,  thafc  they  must  be  omitted. 

Caprovia  Savtnii,  new  species.  —  Mr,  A.  Savin,  of  Cromer, 
po&sesses  a*fine  horn-core  and  frontal  bone  from  the  "  Forest  Bed  " 
aear  Cromer,  which  has  evident  affinities  with  both  the  Sheep  and  the 
Groat ;  but  differs  from  both.  The  horn-core  is  compressed,  spirally 
twisted,  and  directed  outwards  and  backwards  ;  the  spiral  twist 
being  in  an  opposite  direction  to  that  which  obtains  in  the  Sheep. 
The  nearest  living  ally  of  this  interesting  fossil  appears  to  be  the 
Wild  Sheep  of  Sardinia,  the  direction  of  the  horn-cores  being  as 
nearly  as  possible  the  same,  but  their  form  is  different,  being  in 
section  subtriangular  in  the  Sardinian  Sheep,  but  spindle-shaped  in 
the  fossil.  Under  these  circumstances,  one  can  hardly  do  otherwise 
than  refer  this  fossil  to  the  same  genus  as  the  Sardinian  Sheep, 
namely,  Caprovia ;  but  the  differences  being  such  as  to  prevent  their 
being  looked  upon  as  specifically  identical,  I  propose  to  name  it  after 
its  possessor,  Caprovia  Savinii, 

Cervua. — This  genus  is  represented  by  a  much  greater  diversity  of 
species  than  any  other  occurring  in  the  Forest  Bed  Series.  No  less 
than  fourteen  species  have  been  recorded  from  this  horizon,  and, 
large  as  this  number  may  appear,  it  is  certain  that  several  new 
forms  have  been  found  which  have  yet  to  be  determined  or  described. 
U  will  perhaps  be  best  to  consider  each  species  separately. 

C.  bovidea,  Gunn,  MS. — Mr.  Gunn  has  given  tl\\ft  xvt\.TCifc  \55  ^ n^t^ 
ramarkabJe  cervine  frontal  bone  and  porlioti  oi  au\\^x  \  NX\^  \cX5vki 
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springing  from  the  side  of  the  skull  nearly  at  right  angles  to  it,  and 
curving  downwards,  slightly  decreases  in  size,  thus  giving  it  a  veiy 
bovine  aspect. 

Cervus  capreolus,  Linn. — I  have  only  been  able  to  trace  one 
specimen  of  this  species ;  it  is  a  nearly  perfect  antler  preserved  in 
the  King  Collection  (M.P.O.)*  There  is  no  doubt  as  to  this  belong- 
ing to  C.  capreolus,  and  it  is  labelled  as  having  been  obtained  from 
the  Forest  Bed  at  Hasboro,  low-water. 

Cervua  camutorum  ?  Laugel. — Professor  Boyd  Dawkins,  in  1872 
(Q.J.G.S.  vol.  xxviii.  p.  408),  described  certain  cervine  remains  from 
Norfolk  and  Suffolk,  which  he  referred  to  the  C,  eamuiorum  of  M. 
Laugel.  These  specimens  were  two  frontlets,  and  a  base  of  an  antler, 
and  I  think  there  is  little  doubt  Professor  Dawkins  is  correct  in  his 
determination ;  but  as  regards  the  horizon  from  which  they  were 
obtained  there  is  some  uncertainty ;  the  one  from  the  Norfolk 
"  Oyster  Beds  '*  is  of  necessity  not  to  be  depended  upon ;  and  the 
other  specimen,  which  is  in  the  Chichester  Museum,  is  said  to  have 
been  obtained  from  the  Forest  Bed  at  Easton,  Suffolk,  at  which 
locality  my  colleague,  Mr.  J.  H.  Blake,  informs  me  it  is,  to  say  the 
least,  extremely  doubtful  whetheif  the  true  "  Forest  Bed  *'  occurs. 

Cervus  Daiokinsi,  n.  sp. — This  name  is  proposed  for  the  smaller 
specimen  figured  by  Professor  Boyd  Dawkins  as  C,  veriicomis ;  but 
-which,  on  account  of  the  flattened  form  of  the  brow-tyne,  its  close 
approximation  to  the  burr,  and  its  being  given  off  in  quite  a  different 
plane  from  that  of  C.  verticomis,  it  is  thought  necessary  to  separate 
from  that  species.  C,  Dawkinsi  in  general  appearance  has  much 
affinity  with  C.  Fitchiif  Gunn,  MS.,  but  is  distinguished  from  that 
species  by  the  presence  of  a  brow-tyne  close  to  the  burr,  and  passing 
off  in  the  same  plane  as  the  second  tyne.  This  specimen  is  in  the 
King  Collection  in  the  Museum  of  Practical  Geology. 

Cervus  elaphus  f  Linn. — It  is  very  uncertain  as  to  whether  this 
species  has  ever  been  obtained  from  the  **  Forest  Bed."  J)t,  Falconer 
did  not  recognize  it,  and  although  it  has  been  very  genersdly  included 
in  lists  of  "  Forest  Bed  "  species,  I  have  been  unable  to  trace  any 
nndoubted  specimen  from  this  horizon.  It  is  just  possible  that  some 
basal  portions  of  antlers  which  have  been  found  may  belong  to  this 
species,  and  therefore  it  seems  best  to  retain  the  name  with  some  donbt. 

Cervus  etueriarum  ?  Croizet  and  Jobert — Dr.  Falconer,  in  his  Pal. 
Moms.  p.  479,  refers  a  portion  of  an  antler  in  the  King  Collection 
to  the  genus  Busa.  This  specimen  very  closely  resembles  the 
examples  of  C.  etueriarum^  Croizet  and  Jobert ;  and  C.  cylindroceros, 
Dawkins,  which  are  preserved  in  the  British  Museum,  but  is  rather 
larger  and  more  curved  than  either ;  on  the  whole,  it  is  most  like 
the  C.  etueriarumy  to  whicli  it  is  proposed  to  refer  it  provisionally. 

Cervus  Fitchii,  Gunn,  MS. —  Mr.  Gunn  has  kindly  sent  roe  an 
engraving  of  an  antler  in  Mr.  R.  Fitch's  Collection,  which  he  is 
abuut  to  describe  under  the  above  name.  It  is  evidently  related  to 
the  Megaceros  type,  and  closely  resembles  the  form  above  called 
C,  Dawkiiisi,  but  it  has  no  brow-tyne  close  to  the  burr  and  in  the 
same  plane  as  the  second  t^ue,  ^>x^  «iA\^iQ\aA\si\3cw^  latter  species. 
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Cervus  Gunntt,  Dawkins,  MS. — This  name  has  been  proposed  by 
I^rof.  Boyd  Dawkins  for  a  portion  of  an  antler  in  the  Kitig  Collection, 
'*»'hich  resembles,  so  far  as  preserved,  the  antler  of  Cervus  megaceros, 
but  without  any  brow-tyne.  I  should  have  preferred  to  regard  this, 
provisionally,  as  belonging  to  C,  megaceros,  but,  as  the  name  has 
Hi  ore  than  once  appeared  in  print,  it  is  thought  best  to  retain  it. 
It  is  from  the  "  Forest  Bed  "  of  Mundesley. 

Cervua  latifrons,  Johnson. — Mr.  Eandal  Johnson  has  proposed  this 
^«me  for  a  remarkable  antler  in  his  collection  (Ann.  aiid  Mag.  Nat. 
^Qisl  ser.  iv.  vol.  xiii.  1874).  The  broad  frontal  bone,  from  which 
tbe  antler  springs  almost  at  right  angles,  the  absence  of  a  brow- 
"^rne,  and  the  presence  of  a  large  curved  tyne  on  the  front  of  tho 
Ifeeam  at  about  12  inches  from  the  burr,  are  the  more  important 
oharaoteristics  of  the  species.  It  was  obtained  from  the  ''  Forest 
'  exposed  at  low  water  at  Hasboro. 
CervuB  megaceros  f  Hart. — This  species  is  included  as  a  "  Forest 
"  '  form  by  almost  all  writers  on  the  subject  Notwithstanding 
is,  I  have  been  unable  to  find  any  undoubted  specimen  from  this 
Iztorizon.  The  antler  now  called  C  Gunnii  seems  to  have  been 
"Regarded  as  possibly  a  young  C.  megaceros  by  Dr.  Falconer ;  but  I 
4^m  disposed  to  think  that  the  name  must  have  rested  upon  the 
dredged  specimen  referred  to  by  Prof.  Owen,  and  upon  others  now 
csalled  C.  veriicomis.  I  am  unable  at  present  to  say  definitely 
"^rhether  the  species  does  or  does  not  occur  in  the  '*  Forest  Bed." 

Cervus   PolignacttSf   Robert — Dr.   Falconer,   in  1863,  referred  a 
specimen  in  Mr.  Ounn's  Collection  to  this  species  {vide  Pal.  Mems. 
"Vol.  ii.  p.  479).   So  far  as  preserved  it  agrees  with  M.  Robert's  de- 
scription ;  the  brow-tyne  being  almost  in  a  line  with  the  beam.    Mr. 
Crunn's  specimen  was  obtained  from  the  *'  Forest  Bed  "  at  Mundesley. 
Cervfts  Sedgwickity  Falconer. — The  remarkable  antler  in  Mr.Gunn's 
Collection,  which  was  described  by  Dr.  Falconer  under  this  name 
(Pal.  Mems.  vol.  ii.  p.  471),  is  so  well  distinguished  by  its  flattened 
Ibrm,  and  by  its  tynes  being  only  on  one  side  of  the  beam,  that  it 
"will  merely  be  necessary  to   add,  that  it  was  obtained  from  the 
•'  Forest  Bed  "  at  Bacton. 

Cervus  veriicomis,  Dawkins. — The  portion  of  an  antler  which  Dr. 
Talooner  called  "Mr.  Gunn's  large  Strongyloceros"  (Pal.  Mems. 
'vol.  ii.  p.  479)  was  redescribed  by  Prof.  Boyd  Dawkins  as  C.  verti- 
comis  (Q.J.G.S.  1872,  vol.  xxviii.  p.  405),  but  he  included  with  it  a 
small  antler  in  the  King  Collection,  which  it  is  now  proposed  to 
separate  as  a  distinct  species  [vide  (\  Dawkinsi),  The  larger  speci- 
men, and  many  others  more  recently  obtained,  which  may  for  the 
present  be  included  in  the  same  species,  are  evidently  closely  allied 
to  the  Megaceros  type,  but  are  characterized  by  the  large  round 
brow-tyne,  given  off  from  the  inner  and  upper  part  of  the  beam  quite 
in  a  different  plane  to  the  second  tyne,  some  distance  from  the  burr, 
and  curving  forwards  and  downwards  imtil  it  assumes  the  verticil 
direction  on  account  of  which  the  species  was  named  C.  veriicnrnis. 
Specimens  answering  to  this  description  have  been  obtained  from 
the  "Forest  Bed**  at  Pakefield,  Overstrand  wear  GtotCkSt,  ^xA'^^. 
SaTiD  has  one  from  the  Black  Bed  at  ^eat  "EvwiX^ou. 
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Tlie  following  Cervtda  will  have  to  be  removed  from  the  "  Forest 
Bed  "  lists,  for  reasons  given  below. 

Axis, — Dr.  Falconer  included  this  genus  in  his  list  of  Forest  Bed 
and  Norwich  Crag  species,  but  I  can  get  no  clue  to  the  specimen,  and 
must  therefore  omit  the  name,  as  it  may  have  been  from  the  Crag. 

Cervus  ardeus,  Croizet  and  Jobert. — A  portion  of  an  antler  in  Mr. 
Gunn's  Collection  is  called  Cervus  ardeus,  apparently  on  Dr. 
Falconer's  authority ;  but  it  does  not  agree  with  any  of  the  figures 
given  by  MM.  Croizet  and  Jobert,  and  cannot  be  referred  to  that 
species.  Prof.  Boyd  Dawkins  has  omitted  the  name  from  his  latest 
lists,  and  one  cannot  well  do  otherwise. 

Cervus  Dama,  Linn. — No  true  C,  Dama  is  known  from  the 
''  Forest  Bed."  The  determination  appears  to  have  rested  upon  frag- 
ments which  in  all  probability  belong  to  other  species. 

Cervus  martialis,  Gervais. — The  specimens  which  were  referred  to 
tliis  species  appear  to  have  been  portions  of  antlers  similar  to  those 
subsequently  called  C,  Sedgwickii,  by  Dr.  Falconer,  and  the  species 
cannot  therefore  be  regarded  as  a  "  Forest  Bed  "  form. 

Cervtis  iaranduSy  Linn. — I  have  been  unable  to  trace  any  specimen 
referable  to  this  species,  and  it  seems  to  have  been  a  mistake,  for  it 
only  appears  in  Sir  C.  Lyell's  third  edition  of  the  "Antiquity  of 
Man,"  and  is  omitted  from  the  later  edition  in  1873. 

List  of  the  Ungulata  of  the  "  Forest  Bed  Series  "  corrbctbd  in  accobd- 

ance  with  the  above  notes. 

(Those  marked  with  an  asterisk  are  new  to  the  "  Forest  Bod  Scries.**) 

Cervus  bovidesy  Gunn,  MS. 

caprcoluSf  Linn. 

cartiutorum  'f  Laugel. 

Daickiftsij  Newton,  n.  gp. 

dap h us?  Ijnn. 
«  ,,       etwriarum?  C.  &  J. 
«  ,,       Fitchiiy  Gunn,  MS. 

Gunniiy  Dawkins,  MS. 

latifronsy  Johnson. 

fMgaceroa  ?  Hart. 

FolifftutcttSy  Robert. 

Sedgivickiij  Falconer. 

verticortiUf  Dawkins. 

In  addition  to  the  above,  there  are,  scattered  through  different 
collections,  some  eight  or  ten  distinct  forms  of  Cervine  antlers,  which 
have  yet  to  be  determined. 

III. — WOODWABDTAN    LABORATORY   NoTBS. — NOBTH    WaLES    RoCKS. 

Contributed  by  E.  B.  Tawney,  M.A.,  F.G.S., 
AVoodwardian   Museum,   Cambridge. 

Part  II. 
(Continued  from  the  May  Numhery  p.  216.) 

Diahase-porphyrite — from  hill  designated  as  a  Trigonometrical 
Station  1^  mile  N.N.E.  from  Pwllheli:  the  hill  is  quarried  for 
road  metal ;  a  good  hand-specimen  is  easily  obtained ;  it  has  a 
dark-green  ground  with  porphyritic  felspars  up  to  J  inch  long  of 
pale  greenish  colour ;  a  little  pyrites ;  very  slight  effervesoence  with 
Hcida, 


Equm  cabalitts  fossilisj  Riitimeyer. 
*     ,,      S tenant 8y  Cocchi. 

Rhinoceros  etnisctds,  Falconer. 
,,         nwgarhinus  '^  Christol. 

Hippopotamus  major^  Owen. 

AVm  scrofa^  Linn. 

Jios  primigenius  ?  Cuvier. 
^Caprovis  Savinii^  Newton,  n.  sp. 
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Microscope. — The  large  felspars  are  streaky,  and  show  remains  of 
handing,  but  are  nearly  entirely  decomposed,  partly  to  diverging 
zeolite  needles,  and  partly  to  granulated  similar  matter ;  some  of 
the  smaller  prisms  show  bright-coloured  bands,  but  grey  tints  are 
more  common. 

The  augites  have  a  tendency  to  collect  together  into  grouped 
crystals,  they  are  fresh,  and  polarize  brightly ;  they  contain  many 
apatite  prisms.  There  are  numerous  tracts  of  pale  green  viridite, 
with  radiate  arrangement  of  a  fibrous  structure,  showing  aggregate 
polarization  ;  some  tracts  are  colourless  zeolites  in  the  centre,  with 
similar  structure,  and  surrounded  by  a  viridite  border.  The  green 
areas  are  also  full  of  little  spherical  concretions  of  yellowish-brown 
matter  as  a  nucleus,  with  a  clear  border  of  colourless  matter  showing 
aggregate  polarization.  Black  iron  oxide  present  is  apparently  titani- 
ferous.  The  apatite,  abundant  in  the  augite,  is  somewhat  decom- 
posed.     The  rock  might  probably  be  called  a  Labrador-porphyr}'. 

The  Geological  Survey  have  not  attempted  to  separate  the  felsitea 
from  the  diabases  and  other  igneous  rocks  in  this  district  by  distinct 
colours,  but  have  occasionally  placed  on  the  map  P.  or  F.P.  for 
Felsite- porphyry,  or  as  in  this  case  G.P.  for  green  stone- porphyry. 
In  Prof.  Kamsay's  Memoir  on  N.  Wales,  p.  174,  we  read :  "  North 
and  north-east  of  Pwllheli  as  far  as  Plas  Du,  there  is  a  broad  strip 
of  rock  in  two  places  alternating  with  slaty  bands.  It  hovers  in 
character  between  a  greenstone  and  a  felspar- porphyry.  At  tlie 
trigonometrical  station  it  consists  of  large  crystals  of  felspar  im- 
bedded in  a  homblendic-looking  base  [«tc].  Associated  with  this 
rock,  about  three-quarters  of  a  mile  west  of  Pwllheli,  there  occurs 
the  only  rock  in  Lleyn  of  an  ashy  or  brecciated  character."  The 
last  statement  requires  a  little  qualification  perhaps.  We  are  not 
quite  disposed  to  agree  with  the  idea  of  the  diabases  passing  into 
the  felsites,  as  we  saw  no  such  passage ;  though  they  occur  close 
together,  they  are  even  then  quite  distinct,  as  far  as  we  have  seen. 
The  diabases  seem  to  crop  out  in  a  series  of  bosses  along  the  line 
mentioned  above,  are  separately  intrusive,  and  probably  later  than 
the  felsites. 

[P.  63-68.]  Labelled  "varieties  of  trap  from  one  mile  N.W.  of 
Pwllheli,  near  Deneio,"  include  two  felsites  and  two  diabases ;  one 
of  the  latter  [P.  63-64]  is  a  coarsely  crystalline  rock  with  large 
augites ;  the  hand-specimen  shows  the  felspars  much  altered ;  there 
are  concretions  of  secondary  formation  up  to  ^  inch  diameter,  zeolites 
and  calcite,  with  an  outer  border  of  yellow  epidote.  I  do  not  know 
the  exact  point  from  which  Sedgwick  collected  this  variety,  and 
they  were  not  sliced.  These  bosses  seem  intrusive  through  the 
felsite.  The  following  one  I  collected  in  a  quarry  midway  between 
farms  of  Ffrith  and  Henllys  on  the  map,  half  a  mile  N.  of  Pwllheli ; 
close  by  is  seen  the  felsite. 

Diabase,  N,  W.  of  F/rith,  Beneioy  in  the  mass  shows  an  imperfect 
columnar  structure  with  spheroidal  exfoliation  near  the  top  of  the 
qaarry.  A  dark-green  rock,  which  breaks  frequently  into  flaggy 
pieces,  the  fractured  surfaces  with  velvety  serpentinous  coat;   this 
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arines  from  the  veins  of  cbrysotile  having  a  roughly  parallel 
direotion ;  they  cut  straight  through  the  ground,  and  the  augites. 
The  microscope  shows  these  veins  of  rhombic  chrysotile  to  constitute 
an  important  fraction  of  the  rock ;  they  are  not  all  paralleL  The 
nugite  is  pretty  fresh  in  its  normal  condition,  but  some  of  it  is 
full  of  bundles  of  curved  capillary  lines,  mostly  parallel  in  two 
intersecting  directions,  so  crowded  as  to  render  the  augite  quite 
fibrous-looking;  they  seem  to  me  minute  cracks  rather  than  fibres, 
the  slenderer  ones  exceedingly  delicate.  There  are  lines  of  brownish 
elongated  inclosures,  three  or  four  deep,  occasionally  present,  which 
Keem  in  no  fixed  relation  to  the  prismatic  cleavage.  The  plagiodase 
prisms  retain  their  striations,  but  many  are  decomposing ;  patches  of 
granulated  zeolitic  matter  covering  a  considerable  part  of  the  slide 
have  no  doubt  been  formed  from  them,  some  radiating  and  showing 
bright  aggregate  polarization.  There  are  also  greenish  and  dirty 
brownish  green  tracts  due  to  decomposition  of  the  augite  probably ; 
the  green  areas  where  fibrous  show  bright  aggregate  polarization ; 
the  dirty  grains  with  ferruginous  stainhig  are  probably  another  part 
of  the  same  process. 

[P.  71.]  Gimblet  Bock  (Oarreg  y  rimbill),  Pwllheli.— This  rock, 
which  forms  a  boss  at  the  entrance  of  the  harbour  terminating  the 
sand-hills,  is  largely  quarried  for  *'  sets  " ;  its  divisional  planes  have 
been  noticed  by  Professor  Bonney  (Q.J.G.S.  vol.  xxxii.  p.  145).  In 
the  hand-specimen  it  is  a  speckled  brown  and  white  rock  of  medium 
grain,  owing  to  the  large  sheets  of  bronzy  pyroxene,  with  cleavage 
]>lane8  of  metallic  lustre,  being  interrupted  and  penetrated  by  the 
liumerous  felspar  crystals  which  protrude  in  all  directions  throut^h 
them.  Abundant  eflfervescence  with  acid.  From  the  nature  of  the 
pyroxene  it  must  be  classed  as  a  diabase. 

Microscope, — The  pyroxene  is  in  largo  sheets,  interpenetrated  by 
the  felspars ;  it  is  pale  yellow  in  the  slice ;  the  cleavage  not  very 
constant,  and  not  pinacoidal.  A  most  noticeable  feature  are  lines  of 
luinute  inclosures,  which,  when  magnified  400  diameters,  are  seen  to 
1)0  minute  grains  of  irregular  form  and  yellowish  ferric  colour ;  these 
b(3ing  several  deep  form  broad  lines  which  cross  the  cleavages  at  all 
angles,  apparently,  according  to  the  direction  of  the  slice ;  they  are 
undulated,  sometimes  branching,  but  usually  roughly  parallel  to  each 
other, — it  is  better  developed  here,  but  the  same  feature  as  in  the 
slides  [P.  58],  and  that  from  Deneio:  only  where  the  augite  is 
fibrous  from  incipient  decomposition  does  it  simulate  diallage ;  from 
til  is  stage  it  passes  to  a  clear  feebly  dichroic  chloritic  mineral,  and 
then  into  an  irregular  fibro-granulated  dirty  green  substance,  with 
aggregate  polarization.  The  plagiodase  is  partly  fresh,  but  the 
centres  of  most  of  the  crystals  are  converted  to  a  white  opaque 
substance ;  they  are  much  traversed  by  viridite  veins  in  places. 
A  little  brown  mica,  strongly  dichroic,  is  present;  some  flakes, 
a])parently  in  the  centre  of  decomposed  augite,  point  rather  to  its 
derivation  therefrom ;  others  connected  with  crystals  of  black  iron- 
oxide  do  not  show  so  plainly  any  relation  to  the  augite :  the 
iion-oxido  from  its  form  seems  probably  ilmeaite,  but  is  free  fwrn 
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white  incrustatioa.  A  little  secondary  quartz  crystallized  out  in  a 
few  spots.  Professor  Ramsay  (Mem.  Geol.  Surv.  vol.  iii.  p.  173) 
speaks  of  it  as  a  rock  in  which  *'  the  hornblende  rather  predominates 
over  the  felspar." 

[P.  119.]  Qitarries,  N.  Base  of  Cam  Fadrin,  near  Cefn  Madrin, — 
Identical  in  appearance  with  the  Gimblet  Rook  and  [P.  58]  :  plentiful 
effervescence  with  acid.  The  microscopical  examination  shows  only 
slight  differences  from  the  above-mentioned  rocks.  The  augite  has  the 
same  characters ;  in  some  crystals  bands  of  ferric-oxide-like  inclosures 
made  up  of  detached  grains  cross  the  prismatic  cleavage  irregularl}'. 
Besides  the  augite,  there  are  flakes  of  a  dichroic  minered,  sometimes 
brown,  sometimes  pale  green ;  when  placed  with  the  cleavage  ])arallel 
to  the  short  diagonal  of  the  lower  Nicol,  it  has  all  the  outward 
appearance  and  prism  angle  of  hornblende,  but  in  each  case  the 
maximum  extinction  angle  was  35^  in  a  clinodiagonal  section,  which 
differs  from  normal  hornblende ;  it  must  be  probably  derived  from 
the  augite ;  the  green  is  apparently  a  further  change  from  the 
brown,  as  the  latter  shades  off  into  it  in  some  patches. 

There  are  also  a  few  flakes  of  brown  mica  strongly  dichroic.  The 
felspars  are  mostly  decomposed  interiorly  into  an  opaque  white 
matter.  The  decomposition  products  are  the  same  as  in  the  pre- 
ceding slide,  viridite  patches,  calcareous  specks,  fibrous  aggregates, 
etc. 

We  may  call  the  rock  a  proterobase,  using  the  word  in  a  petro- 
logical  and  not  a  geognostical  sense.  In  the  present  rock  the  horn- 
blende is  far  inferior  in  amount  to  the  augite  ;  in  the  preceding  case 
it  was  absent,  but  in  some  of  the  following  it  predominates  over  the 
augite.  These  hornblendic  diabases  are  now  noted  in  several  parts 
of  the  Lleyn  promontory,  viz.  near  Aberdaron,  Nevin,  Pwllheli,  and 
Clynnog.— E.  B.  T. 

[P.  58.]  Qaarry  m  the  Nevin  Hills j  used  for  building  purposes. 
This  rook,  which  is  of  a  brownish  colour,  speckled  with  white,  is 
identical  in  the  hand-specimen  with  that  of  Gimblet  Rock  Pwllheli 
[P.  71],  which  has  been  incidentally  mentioned  as  a  gabbro  (Q.J.G.S. 
vol.  xxxii.  p.  145).  Though  to  the  eye  like  a  gabbro,  the  microscope 
characters  of  the  pyroxene  are  nearer  to  augite,  and  it  is  therefore 
classed  as  diabase  :  the  felspathic  portions  effervesce  with  acid. 

Microscope. — This  slide  shows  a  coarsely  crystalline  aggregate  of 
intercrystallized  plagioclase,  felspar  and  pyroxene.  The  plagioclase, 
though  still  showing  in  some  places  its  characteristic  twinning,  is 
generally  much  decomposed,  being  kaolinized  in  parts.  The  pyroxene 
occurs  in  large  irregular  masses,  whose  edges  are  generally  defined 
by  plagioclase  crystals,  which  often  protrude  into  and  are  contained 
within  it :  though  much  cracked,  it  is  well  preserved  and  gives  rich 
tints  with  polarized  light  A  third  substance  is  also  present,  con- 
sisting apparently  of  aggregated  chloritic  and  serpentinous  minerals : 
from  the  external  shape  of  these  pseudomorphs  one  would  conjecture 
them  to  have  replaced  pyroxene,  but  if  so  two  varieties  of  that 
miaeral  of  different  durability  must  have  been  formerly  present. 
Irr^ular  grains  of  iron  peroxide  are  scattered  throughout  the  slide, 
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some  of   which  are  partly-decomposed  ilmenite.     There  is  a  httler 
calcite  and  a  few  microlithic  needles  of  what  may  be  apatite :  the 
slide  also  contains  a  few  grains  apparently  of  quartz  and  of  secondary 
origin. 

[P.  65.]  Variety  of  trap  one  mile  N.W.  of  Pwllheli,  near  Deneio 
on  map.  A  dark  green  rock  of  coarse  grain,  with  brown-black  augite 
and  white  or  green  felspars :  no  appreciable  effervescence  with  acid. 

Microscope.  —  A  coarsely  crystalline  rock.  Plagioclase  felspar 
occurs  in  long  oblong  crystals  very  much  decomposed  and  presenting 
a  *'  saussuritic "  aspect :  intercrystallized  with  it  is  a  good  deal  of 
augite  rather  more  decomposed  than  in  P.  58.  Two  or  three 
secondary  products  of  chloritic  nature  are  present  here :  one,  the 
more  serpentinous  variety  pf  viridite :  another,  possibly  chlorite  or 
a  doubly  refracting  mineral  of  a  serpentinous  nature.  There  are 
irregular  grains  of  iron  peroxide,  nearly  all  of  which  seem  to  be 
decomposed  ilmenite,  scattered  throughout  the  slide.  There  are  alao 
five  or  six  polygonal  grains  of  a  zeolite,  apparently  not  orthorhombio, 
possibly  heulandite.  The  rock  may  be  called  a  diabase,  but  has 
evidentiy  been  a  dolerite. 

[P.  126.]  Near  Pwllheli,  *'  near  the  junction  of  the  N.  road  with 
the  turnpike  ; "  the  turnpike  indicated  is  probably  about  a  mile  on 
the  Carnarvon  road.  The  rock  is  brownish-grey,  of  medium  grain, 
with  blacker  spots  :  very  slight  effervescence  with  acid. 

Microscope, — The  ground  consists  of  intercrystallized  plagioclase 
and  augite,  and  a  third  olive-green  mineral  in  very  variable-sized 
grains.  Most  of  the  plagioclase  is  fairly  well  preserved,  except  that 
it  shows  some  decomposition  along  its  principal  cleavage  planes  and 
appears  to  be  traversed  by  strings  of  viridite.  The  augite  is  in  a 
good  state  of  preservation,  and  shows  in  many  cases  transverse 
sections  of  the  prism  with  the  characteristic  cleavages.  The  third 
chloritic  mineral  occurs  similarly  to  the  augite  and  has  the  same 
appearance  as  in  [P.  ^o].  In  one  part  of  the  slide  there  are  several 
grains  of  a  zeolite  rather  resembling  those  in  [P.  65],  and  it  is 
noticeable  that  in  the  vicinity  of  these  the  plagioclase  has  undergone 
a  "saussuritic"  decomposition.  There  are  irregular  grains  of  iron 
peroxide  scattered  throughout  the  slide,  and  a  few  specks  of  pyrites. 

The  rock  has  evidently  been  a  basalt,  but  would  now  be  called  a 
diabase. 

[P.  88.]  Diabase,  Perth  Vogo,  "close  to  junction,"  The  locality 
cannot  be  identified  on  the  Ordnance  Map,  but  from  perusal  of 
Sedgwick's  Journal,  it  is  apparently  from  near  Llanfaelrhys,  the 
junction  being  with  the  shales  of  that  district.  It  is  a  grey  rock  of 
line  grain,  and  contains  numerous  spots  of  caloite  about  \  inch 
diameter,  showing  the  cleavage  planes :  even  the  light  grey  ground 
effervesces  most  actively  with  acid. 

Microscope. — The  ground  in  the  slide  consists  of  small  plagioclase 

crystals   and    a    translucent    green    mineral  :    throughout  this   is 

scattered   a  very   largo  amount  of  iron  peroxide,   a  great   deal  of 

which  is  ilmenite.     The  plagioclase  is  well  preserved  and  shows  its 

o/iaracteristic  twinning.    T^e  ^x^^n  \mnQral  is  feebly  dichroio  and 
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doubly  refracting  with  a  slightly  fibrous  structure ;  it  occurs  in  scales 
and  larger  masses,  in  which  latter  case  it  is  associated  with  epidote 
and  probably  replaces  augite.  There  are  several  large  amygdaloids 
of  calcite  in  this  slide,  one  of  which  contains  near  its  edge  five  or  six 
well-defined  hexagonal  quartz  crystals. 

The  rock  is  now  a  diabase,  and  was  once  probably  a  vesicular 
basalt 

[P.  12.]  Third  trap  dyke  between  Nevin  and  Forth  Binlleyn. — ^The 
hand-specimen  shows  a  good  deal  of  pyrites  ;  it  is  a  dark  green  rock 
of  medium  grain,  the  constituents  not  marked  out  by  any  great 
difference  of  colour :  abundant  effervescence  with  acid. 

Microscope, — Consists  of  very  much  decomposed  plngioclase  and 
augite.  The  plagioclase  has  undergone  a  "  saussuritic "  decom- 
position, and  the  augite  is  travei-sed  by  cracks  which  are  lined  with 
decomposition  products.  Anastomosing  veins  of  isotropic  viridite 
permeate  the  whole  slide.  There  is  some  calcite  present,  and  a  great 
many  grains  of  iron  peroxide,  the  chief  part  of  which  is  ilmenite, 
are  scattered  throughout  the  slide.   The  rook  is  a  diabase. — A.  S.  Reid. 

[CI.  15.]  Hornblendic  diahase,  "tumbled"  block  under  Gym  Goch, 
near  Clynnog ;  a  greenish  to  brownish -black  rock,  coarsely  crystal- 
line, with  bright  cleavage  planes  of  bronze-coloured  bisilicates  ;  there 
is  an  absence  of  any  white  material:  no  effervescence  with  acid 
noticeable.     Copper  pyrites  grains  are  seen  in  it. 

Microscope, — This  rock  is  crystalline  in  structure,  consisting  of 
more  than  one  form  of  hornblende,  augite,  decomposition  products 
replacing  felspar,  and  grains  of  black  iron  peroxide.  These 
secondary  raicrolithic  products  have  so  obliterated  the  structure  of 
the  felspar  that  it  is  difficult  to  come  to  any  conclusion  about  the 
species ;  one  or  two  crystals,  however,  seem  to  retain  faint  indica- 
tions of  plagioclase  twinning.  Of  the  hornblende,  some  is  the  dark- 
brown  strongly  dichroic  variety,  some  a  pale-green  kind,  and  perhaps 
a.  little  of  an  acicular  type,  a  sort  of  actinolite.  The  green  horn- 
blende is  probably  a  secondary  formation  after  augite,  and  so  may 
be  called  uralite.  Some  of  it  is  also  very  closely  associated  with 
the  brown  variety,  as  though  formed  from  it,  or  as  if  both  were 
alteration  products.  There  is  also  a  secondary  product  of  a  serpen- 
tinous  nature.  A  fair  amount  of  unaltered  augite  is  still  present. 
The  magnetite  (?)  grains  are  not  usually  associated  with  the  horn- 
blende or  augite.  There  is  also  very  probably  some  siderite.  It  is 
difficult  to  affix  a  name  to  the  rock,  perhaps  hornblendic  or  uralitio 
diabase  would  be  the  best. 

[CI.  17.]  Hornblende  diabase j  loose  block  under  Gym  Goch;  a 
coarsely  crystalline  rock  speckled  brown  and  white,  with  lustrous 
cleavage  planes  of  the  bisilicates ;  there  is  considerable  effervescence 
with  acid. 

Microscope, — A  general  similarity  to  the  last,  except  that  the 
hornblende  is  rather  more  platy  orbladed,  possibly  also  a  little 
delessite  or  some  kindred  mineral.  One  or  two  grains  of  a  yellowish 
mineral  of  rather  granular  structure  (?  sphene). 

[CI.  24.]  Hornblende  diabase,  below  the  turnpike  in  situ,  not  far 
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from  the  preceding,  under  Gyrn  Goch  near  Clynnog.  The  hand- 
specimen  is  rather  coarsely  crystalline ;  a  dark -green  groand  with 
bronze-coloured  bisilioates.  Golden-coloured  mica  fairly  abundant 
Active  effervescence  with  acid. 

Microscope. — The  predominant  mineral  in  the  slide  is  hornblende. 
Of  this,  there  appear  to  be  three  varieties:  (1)  Seemingly  an 
original  constituent  with  characteristic  cleavage,  and  strong  diohroiRm, 
giving  shades  of  brown ;  (2)  perhaps  an  altered  form  of  this,  less 
strongly  dichroic,  giving  shades  of  green  ;  (3)  certainly  of  secondary 
formation,  a  kind  of  tremolite,  almost  colourless.  There  is,  however, 
some  augite,  also  an  original  constituent.  There  appears  to  have 
been  a  fair  amount  of  felspar,  but  it  is  now  replaced  by  various 
secondary  constituents,  such  as  earthy  matter,  zeolites,  calcites,  eta 
Opacite,  perhaps  magnetite,  a  little  apatite,  calcite,  serpentinoiu 
looking,  and  other  decomposition  products  are  presents 

[CI.  1.]  Pentrebachf  a  hill  E.  of  Llanaelhairn  near  Clj'nnog;  a 
purplish-grey,  fino-grained  felsitio  rock  with  small  brownish-yellow 
felspars ;  slight  effervescence  with  acid. 

Microscope, — The  ground-mass  is  rather  decomposed,  but  shows 
in  places  the  remains  of  a  wavy  branching  fluidal  structure.  With 
crossed  Nicols  we  see  it  to  be  cryptocrystalline.  There  are  some 
grains  of  quartz  and  a  good  many  crystals  of  rather  decomposed 
felspar ;  plagioclase  seemingly  predominating.  There  is  a  fair 
amount  of  iron  peroxide,  probably  hematite,  in  most  cases  associated 
with  and  replacing  parts  of  felspar  crystals.  We  note  also  a  little 
epidote  and  traces  of  a  p3'roxeiiio  mineral.  There  is  a  curious  case 
of  one  quartz  crystal  inclosing  another.  The  rock  was  probably 
once  a  lava,  akiu  to  rhyolite.  T.  G.  B. 


IV. —An    Account    op  Volcanic    Eruptions    and    Earthquakes 

WUICU  HAVE  TAKEN  PLACE  IN  lOELAND  WITUIN  HISTORICAL  TiMES. 

By  Thobvaldk  Tuoeoddsen. 

I^EW  spots  on  the  face  of  the  globe  of  the  extent  of  Iceland  could 
.  be  mentioned  where,  within  the  same  space,  an  equal  number 
of  volcanos  could  be  found.  In  that  island,  too,  many  volcanic 
eruptions  have  occurred,  which  have  been,  perhaps,  of  greater 
magnitude  than  any  others  recorded  as  having  taken  place  any- 
where else  on  the  earth.  And  yet  the  volcanos  of  Iceland  are  but 
imperfectly  known,  and,  with  the  exception  of  two  or  three,  not  one 
of  the  rest  has  over  been  scientifically  examined.  Hence  the  fact, 
that  geological  manuals  so  frequently  contain  most  erroneous  state- 
ments concerning  this  subject.  A  general  uncertainty  prevails  as  to 
how  many  volcanos  have  actually  been  in  a  state  of  eruption  within 
historical  times ;  dates  are  dealt  with  in  a  confused  manner ;  and 
frequently  mountains  come  to. figure  as  volcanos  which  have  never 
shown  any  signs  of  eruptive  activity. 

Yet,  by  critically  sifting  Icelandic  records  on  this  subject  existing 
in  print  and  MSS.,  a  pretty  exact  and  accurate  list  may  be  drawn 
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up  of  volcanic  eruptions  and  earthquakes,  which,  within  historical 
times,  have  occun*ed  in  Iceland.  And  of  these  phenomena  I  beg  to 
offer  a  short  review,  being  an  abstract  of  a  larger  work  on  the 
subject,  which  I  have  in  preparation,  wherein  each  eruption  and 
each  earthquake  will  be  carefully  and  minutely  described,  and  the 
authorities  critically  tested  on  which  the  evidence  rests. 

The  following  is  a  list  of  volcanos  which  within  historical  times 
have  been  in  a  state  of  volcanic  activity,  and  of  earthquakes  which 
have  occurred  within  the  same  period. 

Eldboro  (Fire-burgh,  64"  47'  north  lat.  34°  54'  west  long.  mer. 
Copenhagen*)  in  the  district  o{ Myrasysla  (Fen-bailiwick,  Bailiwick 
of  the  Fen  country),  the  first  crater  mentioned  in  history  in  a  state  of 
eruption  in  Iceland.  It  is  about  200  feet  high,  situated  in  the 
midst  of  a  plain,  and  surrounded  on  all  sides  by  lava. 

Hekla  (The  Mantle ;  the  name  doubtless  derived  from  its  shape 
at  a  distance  reminding  the  beholder  of  a  bemantled  corpulent 
woman,  63°  59'  n.l.  32°  19'  w.lo,),  the  most  famous  of  all  Icelandic 
volcanps  ;  seven  geographical  miles  inland  from  the  nearest  point  of 
the  coast  It  is  4956  feet  high,  piled  up  of  blocks  of  lava,  masses 
of  pumice-stone  and  ashes.  Parallel  with  this  somewhat  strongly 
longitudinally  shaped  mountain,  there  run  from  S.W.  to  N.E.  ridges 
of  other  mountains,  composed  of  palagonite  breccia  and  tufa.  All 
around  Hekla  vast  stretches  of  lava,  produced  by  countless  successive 
eruptions,  extend  in  every  direction.  Qn  the  mountain  itself,  as  well 
as  in  its  immediate  neighbourhood,  a  great  number  of  craters  may 
be  observed.  This  is  the  most  widely  and  most  accurately  known 
of  all  Icelandic  volcanos. 

Kau^u-kambab  (Red  Combes,  64°  12'  n.l.  32°  25'  n.lo.),  a  ridge 
of  mountains  following  the  direction  of  the  line  of  Hekla,  has,  so  far 
as  is  historically  known,  erupted  only  once,  a.d.  1343.  The  land  all 
about  this  range  is  covered  with  sand  and  ashes. 

Eetkjanbs  (Reek  f=: Smoke  or  Steam]-ness),  volcanic  through- 
out; it  consists  of  alternate  layers  of  tufa  and  trap,  rising  up  to 
plateaux  of  400  feet  high,  on  the  surface  of  which  there  is  a  long 
series  of  volcanos  rising  even  to  the  height  of  2000  feet,  but  now 
mostly  extinct  This  series  of  volcanic  peaks  takes  the  same 
direction  as  the  line  of  Hekla.  A  number  of  volcanic  springs  and 
earthquake  chasms  are  to  be  found  all  about  this  neighbourhood. 

pUBBiR-HRAUN  (Dry-river  lava,  64°  n.l.  33°  55'  w.lo.),  the  out- 
come of  an  eruption  which  happened  a^d.  1000,  on  the  upland 
plateau  called  J?e//i«.^et^t  (= Hollow-heath,  i.e.  the  cavernous  heath; 
even  to-day  it  sounds  cavernous  in  certain  places,  as  the  traveller 
rides  over  it);  it  took  an  easterly  current  over  the  plateau,  and  issued 
finally  through  a  pass  on  the  eastern,  somewhat  precipitous,  side  of 
it  into  the  lowland  plains  below. 

Trolla-dynoja  (Trolls*  bower,  63°  56'  n.l.  34°  14'  w.lo.),  one  of 
the  many  peaks  that  stud  the  volcanic  ridge  of  Beykjanes,  is  situated 
to  the  N.W.  of  the  sulphur  mines  of  Krisuvik,     Six  eruptions  from 

*  The  meridian  of  Copenhagen  is  used  because  it  is  the  meridian  employed  in 
Qannlagsen's  Map  of  Iceland,  the  lai-gest,  fullest,  and  most  correct  existing. 
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this  peak  are  on  record,  which  have  been  erroneously  transferred  by 
various  writers  to  a  volcano  of  a  similar  name  in  the  north  of  Iceland. 

Eld-eyjar  (Fire-isles),  a  series  of  volcanic  rocks  situate  in  the  sea 
1^  geographical  miles  off  the  S.W.  point  of  Reykjanes ;  about  the 
neighbourhood  of  these  rocks,  and  sometimes  as  far  out  at  sea  as 
eight  miles  from  the  land,  volcanic  eruptions  are  known  to  have 
taken  place. 

In  the  extensive  complex  of  glaciers,  comprehensively  denominated 
as  Myudals-jokull  (Moor  [==  Fen]  -dale-jokul  [=  icle,  i.e.  ice  = 
glacier]),  S.E.  of  Hekla,  there  are  two  volcanos :  Eyja-fjalla-jokull 
(Isle-feli-glacier,  deri%'ing  its  name  undoubtedly  from  the  islands, 
called  Vest- man na-cyjar,  t.e.,  the  West-mens'  =  [the  Irelanders*] 
Islands,  so  called  from  the  fact  of  their  having  been  occupied, 
when  the  country  was  discovered,  by  Irish  hermits, — a  group  of 
islands  outside  the  coast  from  which  the  EyjaljoU  (Isle-fells)  rise 
—63°  37'  n.l.  82°  16'  w.lo.),  6432  feet  high;  and  Katla  (Kettle, 
Caldron),  which  is  not  shaped  like  a  volcano,  but  is  merely  a  vol- 
canic chasm,  generally  covered  with  ice.  It  is  situate  in  the  eastern 
part  of  Myrdals-jokull  (63°  37'  n.  I.  31°  35'  w.  lo.) ;  but  has  never 
been  explored.  Eyjafjalla-jokull  has  twice  been  in  a  state  of  erup- 
tion, but  Katla  thirteen  times.  It  should  be  observed  that  eruptions 
from  these  last-named  eruptive  sources,  as  well  as  indeed  from  some 
other  mountains  in  Iceland,  are  accompanied  by  enormous  floods  of 
water,  bringing  down  huge  blocks  of  ice,  which  covered  the  surface 
of  the  crater  before  the  eruption  took  place.  The  lowlands  below 
such  volcanos  represent  extensive  and  entirely  barren  wastes,  which 
have  been  produced  by  the  masses  of  pulverized  lava  and  the 
prodigious  glacier-slips  which  are  brought  down  by  the  inundations 
caused  by  the  eruptions.  To  the  N.E.  of  Myrdals-jokull  are  many 
craters  to  be  found  in  the  so-called  Varmdr-dalr  (Warni-river-dale), 
in  the  neighbourhood  of  Skaptd  (Shaft-river?),  as  well  as  in  the 
vicinity  of  Hverfisfljot  (Wharf-fleet),  which  in  1783  emitted  enormous 
masses  of  lava. 

Along  the  borders  of  Vatna-jokull  (Waters*  glacier),  a  glacial  up- 
heaval of  no  less  than  150  square  geographical  miles  in  extent, 
volcanos  are  found  in  great  number.  On  its  southern  boundary,  the 
easternmost  is  Or^efa-jokull  (Desert-glacier,  61°  n.l.  29°  21'  w.lo.), 
the  highest  mountain  in  Iceland,  rising  to  6241  feet.  This  mountain 
has  been  in  a  state  of  eruption  three  or  four  times.  Some  distance 
to  the  westward,  on  the  borders  of  Skei^arar-jiikull,  various  craters 
are  found,  as  also  in  the  neighbourhood  of  Grimsooin  (Grim*s  waters), 
and  Si^ujokull  (Side-glacier),  where  many  and  most  violent  eruptions 
have  taken  place.  But  these  tracts  constitute  as  yet  a  terra  incognita. 
On  the  northern  I  order  of  Vatnajcikull  we  find  Kverk-fjoll  (Kvork  = 
throat,  29°  21/  w.lo.),  almost  entirely  unknown,  although  eruptions 
have  taken  place  in  that  neighbourhood  three  or  four  times.  To 
the  north  of  Vatna-jokull  is  the  so-called  Oda^ahraun  (Misdeed- 
lava),  60  square  geographical  miles  in  extent,  where  there  are  a 
good  many  almost  entirely  unknown  volcanos.  The  only  volcanic 
spot  in  these  tracts  which  has  been  examined  is  the  Dyngju-fjoli^ 
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Bitnated  in  the  centre  of  this  desert  of  lava.  It  is  a  complex  of 
mountain-peaks  rising  up  to  even  4500  feet  high,  inclosing  the 
circularly  formed  valley  called  Askja  (=:the  Basket,  measuring  one 
square  geographical  mile  in  extent,  and  situate  3900 — 3500  feet  above 
the  level  of  the  sea),  where  a  terrific  eruption  took  place  in  1875. 
In  the  S.E.  comer  of  this  valley  is  found  a  *dip'  in  the  earth  750 
feet  "  down,"  within  which  there  is  a  round  hot  lake,  4000  feet 
in  diameter.  Around  the  edge  of  this  dip  many  large  craters  are 
situated.  The  bottom  of  this  valley  is  covered  with  lava,  which 
represents  an  eastward  incline  of  1°  26'  towards  the  mouth  of  the 
valley,  which  opens  into  the  surrounding  lava- waste  of  Oda^ahraun. 

About  the  lava-plateau,  called  Myvatns-oraBfi  (Mosquito- water- 
wastes),  which  stretches  northward  from  the  surroundings  of  Dyngju- 
fjoU,  great  eruptions  occuri*ed  during  the  same  year  in  which  that  of 
Dyngju-fjoll  was  going  on  (in  1875) ;  and  in  a  certain  hollow  in  this 
tract  called  Sveina-gja  (Swains'  rift)  many  new  craters  were  formed 
rising  to  the  height  of  70  to  108  feet.  These  craters  range  on  a  line 
in  the  direction  from  S.  to  N. 

All  round  Myvatn  (Mosquito- water)  there  is  an  enormous  number 
of  craters,  lava-formations,  sulphur-mines  and  hot  springs.  This 
neighbourhood  was  visited  by  very  severe  eruptions  during  the 
period  from  1724  to  1730.  The  chief  volcanos  are  ERAFLAand  Leir- 
HNdKR  (Clay-peak),  which  form  ridges  of  palagonite  running  from 
S.  to  N.  During  the  period  of  volcanic  disturbance  just  mentioned 
similar  activity  was  also  going  on  in  Hrossa-dalr  (Horse-dale), 
Bjamar-flag  and  about  the  site  of  the  so-called  Beykjahlf6ar-8eL 

1  have  now  enumerated  all  the  volcanos  which  are  known  to 
have  been  in  a  state  of  volcanic  activity  in  historical  times  in  Iceland. 
But  besides  these  there  is  to  be  found  in  the  country  an  enormous 
number  of  extinct  volcanos ;  and  some  tracts  of  the  island,  as,  for 
instance,  the  whole  neighbourhood  of  Myvatn,  are  so  thickly  studded 
with  these  reminders  of  prehistoric  convulsions  as  to  give  the  be- 
holder an  impression  of  having  before  hira  a  map  of  the  Moon. 

By  observing  the  geological  construction  of  Iceland,  it  will  be 
found,  that  there  are  still  two  volcanic  lines  in  active  condition  ; 
lines,  which  manifest  themselves  not  only  by  the  direction  which  the 
craters  generally  represent,  or  by  the  rifts  and  chasms  of  the 
volcanos,  but  stand  in  close  relation  to  the  formation  of  the  country 
generally.  The  one  line  goes  from  S.W.  to  N.E.  represented  by  the 
Reykjanes  peaks,  Hekla,  and  several  other  volcanos  of  Southern 
Iceland.  The  other  line  runs  from  S.  to  N.,  on  which,  in  straight 
rows,  are  standing  the  craters  of  the  volcanos  round  Vatnajokul  and 
Myvatn.  These  lines,  we  also  observe,  are  represented  by  the 
mountain-ranges,  valleys,  firths,  and  rivers  of  the  country.  Hot 
springs  and  mines  (sulphur),  we  observe,  occupy  the  same  lines, 
which  are  also  followed  by  the  earthquakes.  Ranges  of  peaks,  of 
tnvshyte,  which  have  shot  up  through  older  formations,  follow  this 
same  law,  and  submarine  reefs  go  in  the  same  drift 

The  volcanos  which  are  still  active  in  Iceland  seem  to  be  mostly 
atsociated  with  palagonite-tufifa. 
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At  the  following  dateR  eruptions  and  earthquakes  Have  taken 
place  in  Iceland  in  historical  times  : 

A.D. 

e.  900  Eldborg  erupted  about  the  year  900 ;  there  are  no  means  of  more  accnratelT 

defining  the  precise  year  of  this  eruption. 
894  First  eruption  £rom  Katla,      The  land  between  EyjarA  (Island-river)  and 

Holmsd  (IIolme*8-riTer)  was  laid  waste,  and  a  whole  district,  Dynskogahttrji 

(Wharf  of  the   rustling  woods)   was  ncTcr  afterwards  inhabited.      Ruins  of 

homesteads  destroyed  this  year  were  found  in  the  beginning  of  the  17th  century. 
934  Second   eruption    from   Katla.      Then,    as  the  tele  goes,    the  Jbkulsi   on 

Solheimasandr  (Sun-home-sand)  came  into  existence. 
1000  Eruption    from  BellishfiiSi^  wncn  purrdrhraun    was  formed,   which  flowed 

down  into  the  close  vicinity  of  the  farm  Iljalli  in  the  district  of  Olves. 
1013  Earthquakes  about  the  country  ;  11  persons  perished. 

1114  First  eruption  from  Hekla ;  the  ensuing  winter  was  called  **  sand-fall -winter/* 
1151  Fir^t  eruption  from  Trblhdyngjur  \  houses  fell  in,  in  many  places,  from  earth- 

quakes,  and  loss  of  life  took  place. 
1157  i%ro;i^  eruption  from  Hekla,  19th  Jan.,  accompanied  by  violent  earthquakes. 
1164  Earthquake  in  GrimsncSy  loss  of  19  lives. 
1182  Earthquake,  loss  of  11  lives. 
1188  «^/?owrf  eruption  from  Trolladyfi^ur. 

1206  Third  eruption  from  llekla,  4th  December,  which  continued  far  into  the  spring. 
1211  First  eruption  off  Reykjan*s  in  the  tract  of  the  Eldeyjur,     Great  earthquakes 

about  the  South -country,  loss  of  18  lives. 
1222  Fourth  eruption  from  Hekla. 

1225  The  winter  of  this  year  is  called  **  Sand- winter,*'  but  the  locality  of  the 
eruption  is  unknown. 

1226  S frond  eruption  off  Eeykjanu, 
1231    rAtrrf  ditto. 

1238  Fourth  ditto. 

1240  Fifth  ditto.  Excessively  violent  earthquakes  throughout  the  South-country. 
This  year,  it  is  reported,  one  half  of  Reykjanes  was  laid  waste. 

1245  Third  enij)tiou  Irom  Katla.  The  glacier-slip  swept  over  Solheimasand. 
Ashes  covt*nd  the  earth  to  the  extent  ot  :|  of  an  eU. 

1260  Great  earthquakes  about  the  North  countrj'. 

1262  Fourth  eniption  from  Katla,  swept  over  ^Solheimasand, 

1294  Fifth  eruption  from  Hekla.  Violent  earthquakes ;  huge  chasms  opened  in  the 
earth  ;  wells  and  fountains  became  white  as  milk  for  Ihree  days ;  Mongd 
("NVrong-rivcir)  changed  its  course  ;  rivors  were  covered  with  pumice.  Some 
new  hot  springs  came  into  existence,  others  vanished. 

1300  Sixth  eniption  from  Hekla,  July  13th,  one  of  the  most  violent  on  record. 
The  ashes  were  home  by  a  S.W.  wind  over  the  North-country  and  covered  a 
large  portion  of  it.  Great  earthquakes.  Famine  and  great  loss  of  life 
followed. 

1 308  Earthquakes  thronghout  the  South-country.  Eighteen  homesteads  reduced  to 
ruins. 

1311  Fifth  eruption  from  Katla,  Jan.  25th,  preceded  by  violent  earthquakes; 
51  homes  iell  in.  A  whole  district  near  Katla,  gvlW^  Ldgeyjarhverji  (Low-isle- 
wharf),  was  laid  completely  waste. 

1332  Eniption  somewhere  about  the  district  called  SifSa  (the  Side) ;  exact  locality 
unknown. 

1339  Earthquake  in  the  South-coimtry  ;  many  homesteads  fell  in  ;  a  hot  spring,  forty 
fathoms  in  circurafereiice,  was  formed  in  Henglafjoll  (=  the  overtopling- fells). 

1340  T<^trrf  eruption  from  Trolladyngjur. 

1341  Seventh  eniption  from  Hekla;  the  ashes  fell  all  about  the  South -country, 
many  homes  were  destroyed  by  earthquakes  this  year. 

,,     Eniption  from  Or<pfnj6kull. 

1343  Eruption  from  Raut^ukambor  ;  eleven  homesteads  completely  destroyed. 

1349  or  1362  (the  annals  are  most  conflicting  as  to  the  date).  A  succeisKion  of  most 
fearfully  violent  eruptions  from  Ora^fajvkull  took  place.  When  the  ice-cover 
of  the  moimtain  was  thrown  off,  and  came  down  with  the  rush  of  the  watezs 
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to  the  sea,  it  carried  so  much  with  it  of  stones,  sand  and  debris,  that,  where 
formerly  the  sea  measured  a  depth  of  30  fathoms,  there  was  a  dry  beach  after 
the  eruption.  Five  fertile  districts  were  laid  totally  and  irretrievably  waste  ; 
forty  homesteads  and  two  churches  were  swept  away  in  the  flood. 

1360  Fourth  eruption  from  TroUadyngjur, 

1370  Earthquakes ;  eleven  homesteads  fell  in  in  Olvt», 

13|§  EiflhtA  eruption  from  Hekla, 
„     Fifth  eruption  from  Trolladjfngjur. 
,,    Eruption  from  Si^uiokull. 

1391  Earthquakes  throughout  Grinunesy  Flat  (the  Bog)  and  Olvet ;  fourteen  home- 
steads damaged ;  loss  of  life.  The  earthouakes  went  northward  as  far  as 
HoUavot^uheii&i  (Heath  of  the  beacons  on  the  hill-rises). 

1416  Sixth  eruption  from  Katla, 

1422  Sixth  enqttion  off  Beykjanet, 

1436  Xinth  eruption  from  HekUiy  eighteen  homesteads  destroyed. 

1477  Eruption  in  the  unknown  mldemesses,  gireat  fall  of  ashes  in  the  North- 
country,  foUowed  by  famine  and  loss  of  life. 

1510  Tenth  eruption  from  Hekla,  July  25th ;   great  fall  of  ashes,  huge  blocks  of 
lava  were  cast  at  a  long  distance  out  of  the  mountain ;   many  people  were 
killed  by  tiiese  falling. 
„     Sixth  eruption  from  Trolladynmur, 

1&46  EarthquaLes  in  Olves  in  the  beginning  of  June,  many  homesteads  tumbled 
down. 

1552  Earthquakes  on  the  2nd  of  February. 

1554  Eleventh  eruption  £rom  Hekla  towaras  the  end  of  May ;  took  its  rise  from  the 
mountain  range  which  goes  in  a  N.E.  direction  from  Hekla.  Earthquakes 
so  freouent  and  violent  that  people  were  obliged  to  live  in  tents  the  greater 
part  01  the  summer. 

1.578  Twelfth  eruption  from  Hekla,  November  15th. 

1580  Seventh  eruption  from  Katln  ;  several  farmsteads  destroyed. 

1581  Great  earthquake  through  Rangarvellir,  May  30th. 

1583  Seventh  eruption  off  Eeykjanea. 

1584  Earthquakes. 

1597  Thirteenth  eruption  from  Hekla,  excessively  violent,  began  January  3 ;  the  loud 
reports  were  heard  for  twelve  successive  days  even  in  the  northernmost  parts  of  the 
country  ;  eighteen  columns  of  fire  were  seen  rising  from  the  mountain.  Left 
off  in  Maroh,  but  the  mountain  continued  to  smoke  even  up  to  July ;  the  ashes 
covered  about  one-half  of  the  countrv,  from  Borgarfj'dr^r  (Burg-firth)  in  the 
"West  to  the  district  called  L6n  (vV^ash)  in  the  east,  and  North  as  far  as 
BdrSardal  (B&rd's-dale).  This  same  spring  there  occurred  earthquakes  about 
Olve»,  through  which  many  farmsteads  fell  in  and  a  large  hot  spring  to  the 
south  of  the  farm-house  of  Hcykir  disappeared,  and  another  opened  ekewhere. 

1598  Eruption  about  Grinuvotn  and  from  Oreefajokull, 

1612  Fir$t  eruption  from  Evjafjallajokull, 

1613  Great  earthquakes  in  the  South-country,  many  homesteads  tumbled  down. 

1618  Earthquakes  frequent  in  the  autumn  about  the  district  of  Thingeyijar»y'$la  in  the 
North. 

1619  Fourteenth  eruption  from  Hekla,    Great  fall  of  ashes  in  the  North. 

1624  Earthquake  in  Floi  in  the  month  of  November. 

1625  Eighth  eruption  from  Katla,  September  2-4.  Great  fall  of  ashes;  some  ashes 
fell  in  Bergen  in  Norway. 

1633  Earthquakes  in  Olve*. 

1636  Fifteenth  eruption  from  Hekla  ;  began  May  8 ;  thirteen  craters  openedf ;  ashes 

fell  mostly  in  the  South-East  of  Iceland. 
1638  Eruption  in  the  wildernesses  in  the  East-country,  February  27th. 
1643  Earthquakes  on  Christinas  E\(e. 

1657  Earthquakes,  many  homesteads  fell  in  in  Flj'dtshli^  (Fleet-leeth). 
1660  liinth  eruption  from  Katla,  began  November  3rd ;  such  was  the  quantity  of 

sand,  stones  and  debris  borne  down  with  the  flood  from  the  mountain,  that  a 

dry  beach  was  formed  where  formerly  people  fished  in  a  depth  of  20  fathoms ; 

the  coast  was  pushed  1000  fathoms  out  into  the  sea ;  five  or  six  farmsteads  wtre 

destroyed. 
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1661  Earthquakes  durinfr  the  rammer. 

16H1   Eruption  fn)m  Skri'SardrjokuU. 

16So  Eruptiou  iu  the  nei^hhourhiKxl  of  GritnsvdtM. 

1693  tSijrUt Htk  vruf^tioniTom  Htkia,  Febnianr  13th,  left  off  in  Aagrutt.  Fourcraten 
were  active.  The  ashes  tell  all  over  the  countrr,  and  w^«  carried  ey&i  ora 
to  Nur^uT.     The  pumice  masses  drifted  all  the  war  to  Faro. 

1706  i>evere  earthquaki>«  in  Olrcs  and  F/oi.,  April  1st  an^  2(Hh.  Twenty-four  maaon 
fell  in  and  many  cottajres. 

1716  Eruption  iu  the*  neighbourhood  of  Grimtrotn, 

1717  Eruption  fn>m  KrrrkfjolL  September  17th.  l^in^ej^ara^sim  niffered  grart 
dama;;e  from  the  sahvs,  which  alMi  fell  in  F%oafjnr}Sar^'»lQ  and  Mulmtff'i: 

1721  7>-wM  eruption  from  Katla  ;  begran  May  1 1th  with  exc€«*ive  floods  and  jrlacier- 
filips  ;  the  ice-blocks  grounded  iu  depthk  of  from  70-80  fathoms  3  (Danish)  niilei 
out  at  sea.  A  gras.<-grown  neck  of  land  was  swept  away,  and  in  it8  ^Btad.  ir» 
left  a  polished  ^lab  of  nmV  67 '>0  square  fathoms  in  extent  The  ashes  were 
bom(>  westward,  aud  fell  so  thick  the  firet  daT  that  at  homesteads  25  geo- 
graphical miles  distant  from  the  crater  the  lig'ht  was  obscured  to  soeh  in 
extent  as  to  make  reading  of  print  impossible. 

1724  Eruption  from  Krnjla,  May  17th.  ^eat  masses  of  ashes  aad  pumice  issoed  from 
a  crater  on  its  western  side  callt-d  TiVi  (Ilell^ ;  on  the  eastern  shores  of  M/ntH 
the  layer  of  the  a.'ihes  was  li  ell  thick. 

1725  Erui)ti<m  from  LeirhHtikr^  Januanr  Uth,  accompanied  by  severe  earthquakes. 
Eruption  from  Bjarnarfag^  April  19th  ;  violent  earthquakes  on  the  8th  of 
Septemb«T.     Eruption  in  d^kritSardrJvkMli. 

1727  Eruption  from  Oi'iPfajoknU^  August  3rd,  great  floods  from  the  glacier,  which 
destn>ycd  homesteads  and  killed  cattle ;  the  eruption  abated  May  2$th,  1 728.  At 
the  name  time  great  disturbances  were  observed  in  HkeiHardrJokulij  and  on 
August  21st  an  eruption  took  place  fn)m  Leirhnnkr. 

1728  Eruption  fn)m  Zeirhniikr,  April  18th,  preceded  by  severe  earthquakes,  the 
lava  flowed  almost  close  down  to  the  parsonnge  of  JieykJahli'^S  ;  the  same  day 
an  erupting  crater  op«?ned  in  Jlritst^adalr^  while  another  eruption  also  took  plac« 
iu  lijaniarflafi.  April  20th  great  mast^'s  of  lava  welled  out  in  the  neighboiu-nood 
of  JidjkjahH'^arsit^  from  a  crater  situate  on  the  eastern  slope  of  Lalfj^U. 
Dccemlnrr  18th  Leirhnukr  was  in  eruption  and  thl"  same  year  volcanic  action 
was  jroing  ou  in  the  lava  waste's  round  Jftkla. 

1729  Enjptiini  from  Lrirhnukr,  January'  30th,  which  continued  through  the  year; 
huge  masses  of  lava  flowed  from  the  volcano  in  the  direction  of  Jiri/lJahli'S, 
which  stead  was  destn)vetl,  together  with  three  others.  Only  the  church  of 
litifkjnhli^  wjis  left  standing. 

1734  Eartlniuake  in  the  Floi. 

1749  Earthquakes  throughout  Ohes  and  Borgarfjitrd  \  the  hot  spring  of  SkriJIa 
diminished  and  grew  colder  than  before. 

17-^2  >^rthquake  in  Anusxy'sla  ;  12  farmsteads  were  damaged  and  one  church  fell  in. 

17o3  Eruption  in  the  neighbourhood  of  iai'^ujokuU^  acconipauii>d  by  creat  glacier 
fliMHls  ;  the  river  Djtipd  (DtH*p  river)  rose  by  200  feet,  devastating  the  surround- 
ing lands  :  the  district  of  Skaptdrtungn  was  completely  covered  with  a.<ihes. 

1754  Eruption  in  the  lava  fields  to  the  westward  <»f  i/rA7<7  which  lasted  for  three  days. 

170.')  Severe  earthquake's  for  six  days,  September  10-15,  in  the  North -country, 
especially  about  Umavik^  during  which  twenty-one  homesteads  were  dc- 
stroyetl. '  October  17th  a  formidable  eruption  began  from  Kath — the  fA-r<«M 
— which  went  on  till  August,  1756.  Glacier- floods  and  ashes  created  vast 
devastation.  The  land  all  about  iskaptafeUnsy'da  was  covered  by  a  layer  of 
ashes  from  \  to  1  ell  in  thickness,  and  fifty  homesteads  were  destroyed. 

1760  Stventtntth  eruption  from  //icXVa,  accompanied  by  severe  earthquakes  to  the 
S.W.  of  it  all  tne  way  out  to  JieykjaneM. 

1774  Eniption  in  the  wildernesses  about  Skei^avdrjokulL 

1783  Eighth  eruption  off  ifry/^Vfwf*.  Great  eniptions  about  rffr»;«r</<i/r  along  5it-fp/a 
began  in  J  une,  aud  after  some  intermission  were  repeated  towards  the  end  of 
Jiily  about  the  sources  of  llverjif/ijnt.  These  eruptions  were  of  a  magnitude 
unpanillelled  ou  the  earth  in  historic  times.  The  lava  which  thev  pniduced 
exceeds,  on  the  authority  of  Sir  Charles  Lyell,  in  cubic  (*ontonts  the  mass  of 
Mont  Blanc.     These  eruptions  were  foUoweil  by  famine  and  great  loss  of  life-- 
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in  fact  thej  proved  fatal  to  9,000  human  beings,  21,000  cattle,  233,000  sheep 

and  36,000  horses.    These  eruptions  are  erroneously  stated  to  have  taken  place 

in  Nkaptdryokull,  where  an  eruption  has  never  yet  occurred. 
1784  Earthquake  in  Amettyila^  August  14-16,  the   severest  in  historical  times, 

des^ying  69  homesteads.    Eruption  from  SkeiiSardrjdkulL 
1789  Earthquakes    in    the    South-country,   especially  in    the  ne^fUMUihood    of 

Thingvallavatn  (Thing- wall- water  flake]). 
1808  Earthquakes  in  many  places  about  Iceland. 
1810  Earthquake,  October  24th,  to  the  east  of  Hekla. 
1815  Earthquake,  during  the  month  of  June,  in  the  North-country. 
1818  Slight  earthtjuakes  in  the  South-country. 
1821  Sedmd  eruption  £rom  EyjafjallajbkuU. 
1823  Twelfth  eruption   from  Katla^    commencing  June  26th,   continued  for  28 

successive  days.    Same  year  eruption  in  the  neighbourhood  of   Skaptd  by 

Vtirmardalr, 
1826  Earthquake  in  the  North -country. 

1829  Earthquake  in  the  South,  February  22nd ;  seven  homesteads  fell  in. 

1830  Ninth  eruption  off  Iteykjane», 

1838  Earthquakes  from  12th  to  19th  June,  both  in  the  North  and  in  the  South. 

1839  Earthquake  in  the  neie^hbourhood  of  Reykjavik^  July  28th. 

1845  Eighteenth  eruption  m>m  Hekla,  commenced  on  tne  2nd  of  September  and 
continued  for  seven  months.  The  ashes  were  carried  over  to  Shetland  and  the 
column  of  smoke  rising  out  of  the  mountain  reached  a  height  of  14,000  feet. 
The  lava  which  this  eruption  produced  contained  a  mass  of  14,400  millions 
cubic  feet. 

1855  Slight  earthquakes  in  the  North. 

1860  Thirteenth  eruption  from  Katla,  May  8-27 ;   earthquakes  in  the  autumn. 

1862  Eruptive  activity  in  the  wildernesses  about  VatnaJdkulL 

1863  Earthquakes  about  Reykjavik,  April  20-21. 

1864  Earthquake  February  16th. 

1867  Eruption  from  iTrerijOo//,  August  29  —  September  6. 

1868  Earthquake  in  the  South.  November  1-3. 

1872  Violent  eaiithouakes  at  i/tt^ariX;  in  Thingeyjaritf/»lay  April  17th,  the  disturbances 
abated  not  till  the  middle  of  May,  many  homes  came  down. 

1873  Eruption  in  KverkfjoU^  January  8-13  ;  considerable  fall  of  ashes  in  the 
East  and  the  South. 

1875  Eruption  from  Dyw^yMjQro//,  January  3rd;  February  18th,  an  eruption  com- 
menced in  Sveinagju  on  My'vatnsoraji^  which  continued  to  the  end  of  the  year. 
March  29th,  a  formidable  explosion  took  place  in  DynyjufjoUy  which  covered  the 
whole  of  Eastern  Iceland  with  pumice  and  ashes  ;  the  latter  being  carried  all 
the  way  to  Norway  and  even  Sweden. 

1878  Eruption  to  the  N  E.  of  Hekla^  accompanied  by  somewhat  severe  shocks  of 
eartnquake,  commenced  February  27th,  terminatea  in  May. 

1879  Tenth  eruption  off  Reykjanes,  May  30  and  31. 

I  have  enumerated  the  eruptions  about  which  full  certainty  is 
obtainable.  Lists  of  eruptions  and  earthquakes  in  Iceland  have 
been  drawn  up  by  various  writers,  as,  for  instance,  Hald6r  Jakohason 
(1757),  G.  Oarlieh  (1819),  Eugen  Robert  (1840),  and  F,  Zirkel 
(1862) ;  but  into  these  accounts  various  mis-statements  have  crept, 
owing,  partly,  to  the  records  being  treated  with  lax  criticism,  and, 
partly,  to  insufficient  familiarity  with  the  topography  of  the  country. 
The  more  recent  writers  have  mostly  followed  HaUldr  Jakobsson  and 
Garlieb,  without  studying  the  original  records,  and  the  errors  which 
the  writings  of  these  authors  contain  are  mostly  traceable  to  thoir 
sources. 

Of  the  volcanos,  and  volcanic  localities,  which  the  authorities 
referred  to  state  to  have  been  in  activity  at  various  times,  the  follow- 
ing   may    safely    be    struck    out:    Asmundarnupr,    Thdreyjarnupr, 
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HqffjdJcuU,  BaldjdkvJL  pestareykir,  Fremri-Ndmar,  Hver/jaU,  Sand- 
feUnjdktdl,  Her^ubrei^,  Skaptdrfdku!l,  Sdlheimajdktdl,  Brei^amerkr- 
jdkull,  pdramGrk,  TorfajdkuU,  Mosfell,  Helgafell. 

ITie  following  eruptions  are  referred  to  wrong  dates:  Hvkln, 
1004,  1029,  1113,  1374,  1583,  1625,  1772;  KaUa,  1717>  1727; 
TrdJladyngjur,  1475;  Her^nhreV6,  1341,  1510;  SeSujbkull,  1728; 
Orafa/dkuUj  1720;  an  eruption  in  Brei^iJ^drdr,  by  Snafellsnes,  1219, 
and  1345;  JTwr/JfoZ/,  1748-1752;  fingvaUahraun,  15S7 ;  pOrsm&rk, 
1300-1350. 


1. — Bbitish  Association    for    the    Advancement    of    Science, 
Fiftieth  Meeting,  Swansea,  August  26th,  1880. 

Titles  of  Papers  Bead  in  Section  C.  (Geology). 

Opening  Address  by  H.  C.  Sorby,  LL.D.,  F.E.S.,  President — "  On 
the  Comparative  Structure  of  Artificial  Slags  and  Eruptive 
Bocks."     (See  p.  468.) 

C.  E,  De  Bance,  F.G.S. — Report  on  the  Circulation  of  the  Under- 
ground Waters  in  the  Permian,  New  Red  Sandstone,  and 
Jurassic  Formations  of  England :  and  on  the  quality  and 
character  of  the  water  supplied  to  towns  and  districts  from 
those  formations. 

A.  B.  Hunt,  F.G.S.— Notes  on  the  Submarine  Geology  of  the  English 
Channel  off  the  Coast  of  South  Devon. 

Frof.  W,  Boyd'Dawkins,  MA,,  F.B,S.—Od.  the  Action  of  Carbonic 
Acid  on  Limestone. 

F.  C.  J.  Spurrell,  F.G.S. — On  the  Site  of  a  PalaBolithic  Implement 

Manufactory,  at  Crayford,  Kent 
Frof.  J.  P.  O'ReiUy.— On  the  Relations  to  be  Established  between 

Coast- line- Direction 8    represented    by   Great    Circles    on    the 

Globe,  and  the  localities  marked  by  Earthquakes  in  Europe. 
Q.  -5".  Kinahan^  M.R.LA.,  Pres.  Geol.  Sac.  Ireland. — On  the  Hiatus 

said  to  have  been  found  in  the  rocks  of  West  Cork. 
W.  IT.  Dalion,  F.G.S. — Note  on  the  Range  of  the  Lower  Tertiaries 

of  East  Suffolk. 
W.  PengeUy,  F.R.S.,  F.G.S. — Sixteenth  Report  of  the  Committee 

appointed  to  explore  Kent's  Cavern,  Devonshire. 
Prof.  A.  Leith  Adams.  F.B.S. — Report  on  the  Exploration  of  Caves 

in  the  South  of  Ireland. 
Prof.  IT.  G.  Seeley,  I^.B.S. — Report  on  the  Viviparous  Nature  of  the 

Ichthyosauria. 

G.  B.  Vine. — Report  on  the  Carboniferous  Polyzoa. 

W.    Whitaker,   B.A.   Land.,   F.G.S. —  Report  on    the   "Geological 

Record." 
Prof.  W.  J.  Sottas,  M.A.,  F.G.S.^On  the   Island  of  Torghatten, 

Norway ;   and  on  the  Influence  of  Joints  on  Denudation. 
Prof.  W.  J.  SoUas,  MA.,  F.G.S.—On  the  Contortion  of  a  Qiiaxi'L- 

vein  in  Mioa'Schist  from  Bodi),  Norway. 
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W.  T.  BJanford,  F.B.S.,  F.6?.S.— On  the  Geological  Age  and  RelatirtDi 
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II. — British  Association  for  thk  Advancement  of  Sciengk, 
Swansea,  August  26,  1880.  Address  to  the  Geological  Section 
by  Henry  Clifton  Sorby,  LL.D.,  F.R.S.,  F.G.S.,  President  of  the 
Section. 

IN  selecting  a  fmbjcct  for  an  address  to  be  given  in  accordance  with  the  custom  of 
my  pretlec<«sor8,  I  was  anxious  that  it  should  be,  in  some  way  or  other,  connected 
with  tlic  locality  in  which  we  have  met.  If  I  had  been  adequately  acquainted  with 
the  district,  I  should  have  thought  it  incumbent  on  me  to  give  such  an  outline  of  the 
general  geology  of  the  surrounding  country  as  would  have  been  useful  to  those 
attending  this  meeting.  I  am,  however,  practically  a  stranger  to  South  Wales,  and 
must  therefore  hmve  that  task  to  others.  On  reflecting  on  the  various  subjectB  to 
which  I  might  have  called  your  attention,  it  appeared  to  me  that  I  could  select  one 
which  would  be  eminently  appropriate  in  a  town  and  district  where  iron  and  copper 
nre  smelted  on  so  lttr<;e  a  ftcule,  and,  as  I  think,  also  equally  appropriate  from  t 
^'•t'oJogical  point  of  \iew.    TL\na  s\x\>^ec\.  \a  ^^  toTtt^*i».>as^  ^^x^<i,Vu:e  of  artificial  slag* 
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taid  erupted  rocks.  In  making  this  choice  I  was  also  influenced  by  the  fact  that  in 
my  two  anniTenary  addressee  as  President  of  the  Creolt^cal  Society  I  have  recently 
treated  on  the  structnre  and  origin  of  modem  and  ancient  stratified  rocks,  and  I  felt 
that,  if  in  the  present  address  I  were  to  treat  on  certain  peculiarities  in  the  structure 
d  igneous  rocks,  I  should  have  described  the  leading  conclusions  to  which  I  have 
been  led  by  studying  the  microscopical  structure  of  nearly  all  classes  of  rocks.  It 
would,  however,  oe  impossible  in  the  time  now  at  disposal  to  treat  on  all  liie  various 
Inranches  of  the  subject.  Much  might  be  said  on  both  the  purely  chemical  and  purely 
mineralogical  aspects  of  the  question  ;  but  though  these  must  not  be  ignored,  I  pro- 
pose to  draw  your  attention  mainly  to  another  special  and  remarkable  class  of  facts, 
which,  so  far  as  I  am  aware,  have  attracted  little  or  no  attention,  and  yet,  as  I  tiunk, 
would  be  very  instructive  if  we  could  fully  understand  their  meaning.  Here,  how- 
ever, as  in  so  many  cases,  the  observed  facts  are  clear  enough,  but  their  full  significanct) 
fomewhat  obscure,  owing  to  the  want  of  adequate  experimental  data  or  sufficient 
knowledge  of  general  physical  laws. 

A  considerable  amount  of  attention  has  already  been  paid  to  the  mineral  con.stitu- 
tion  of  blags,  and  to  such  peculiarities  of  structiure  as  can  be  learned  independently  of 
thin  microscopical  sections.  A  very  complete  and  instructive  work,  specially  devoted 
to  the  subject,  was  published  by  \  on  Leonhard  about  twenty-two  yean  ago,  just  at 
the  time  when  the  microscope  was  first  efficiently  applied  to  the  study  of  rocks.  Since 
then  Vogelsang  and  others  have  described  the  microscopical  structure  of  some  slags  in 
connexion  with  their  studies  of  obsidian  and  other  allied  volcanic  rocks.  At  the  date 
of  the  publication  of  Von  Leonhard*  s  work  the  questions  in  discussion  differed 
materially  from  those  which  should  now  claim  attention.  There  was  still  more  or 
less  dispute  respecting  the  nature  and  origin  of  certain  rocks  which  have  now  been 
proved  to  be  truly  volcanic  by  most  unequivocal  evidence ;  and  I  am  not  at  all  sur- 
prised at  this,  since,  as  I  shall  show,  there  is  such  a  very  ^at  difference  in  their 
characteristic  structure  and  that  of  the  artificial  products  of  igneous  fusion,  that,  but 
for  the  small  portions  of  glass  inclosed  in  the  constituent  crystals,  described  b^r  me 
many  years  ago  under  the  name  of  '  glass-cavities,'  there  would  often  be  no  positive 
proof  of  their  igneous  origin.  There  was  also  considerable  doubt  as  to  the  manner 
m  which  certain  minerals  in  volcanic  rocks  had  been  generated.  The  observed  facts 
were  sufficient  to  prove  conclusively  that  some  had  bt*en  formed  by  sublimation,  others 
by  igneous  fusion,  and  others  deposited  from  more  or  less  highly  neated  water ;  but  it 
was  difficult  or  impossible  to  decide  whether  in  particular  cases  certain  minerals  had 
been  formed  exclusively  by  one  or  other  process,  or  sometimes  by  one  and  sometimes 
by  the  other,  or  by  the  combined  action  of  water  and  a  very  high  temperature.  I 
must  confess  that,  even  now  that  so  much  may  be  learned  by  studying  with  high 
nullifying  powers  the  internal  structure  of  crystals,  I  should  nesitate  veiy  much  in 
deading  what  were  the  exact  conditions  under  which  certain  minerals  nave  been 
formed.  This  hesitation  is  probably  as  much  due  to  inadequate  examination  and  to 
the  want  of  a  complete  study  of  typical  specimens,  both  in  the  field  and  by  means  of 
the  microscope,  as  to  the  unavoidable  difficulties  of  the  subject.  Such  doubt,  how- 
ever, applies  more  to  the  origin  of  minerals  occurring  in  cavities  than  to  those  con- 
stituting a  part  of  true  rock-masses,  to  which  latter  I  shall  almost  exclusively  refer 
on  the  present  occasion.  In  the  formation  of  these  it  appears  to  me  that  sublimation 
has  occurred  to  a  very  limited  extent.  In  many  cases  true  igneous  fusion  has  played 
such  a  leading  part  that  the  rocks  may  be  fairly  called  igfteousj  but  in  other  cases, 
water,  in  some  form  or  other,  has,  I  think,  haa  so  much  infiucnce  that  we  should 
hesitate  to  call  them  igneouty  and  the  term  erupted  would  be  open  to  far  less  objection, 
since  i#  would  adequately  express  the  manner  of  their  occurrence,  and  not  commit  us 
to  anything  open  to  serious  doubt. 

In  studying  erupted  rocks  of  different  characters,  we  see  that  at  one  extreme  they 
are  as  truly  igneous  as  any  furnace-product,  and,  at  the  other  extreme,  hardly,  if  at 
all,  distinguishable  from  certain  deposits  met  with  in  mineral  veins,  which  fumLsh 
abundant  evidence  of  the  preponderating,  if  not  exclusive,  influence  of  water,  and 
have  very  little  or  nothing  m  common  with  products  certainly  known  to  have  been 
formed  by  the  action  of  heat,  and  of  heat  atone.  Between  these  extremes  there  is 
every  connecting  link,  and  in  certain  cases  it  is  almost,  if  not  quite  impossible  to  say 
whether  the  characteristic  structure  is  due  more  to  the  action  of  heat  than  of  water. 
The  great  question  is,  whether  the  presence  of  a  small  quantity  of  water  in  tlie 
liquid  or  gaseous  state  is  the  true  cause  of  very  well-marked  differences  in  structure ; 


470     Notices  of  Memoirs — Dr.  H.  C.  Sorbt/'s  Address. 

or  whether  greater  preflsure,  and  the  necessarilT  slower  rate  of  cooling,  were  not  tte 
mure  active  causes,  and  the  presence  of  water  m  one  state  or  another  was  merdj  tht 
n>Hult  of  the  same  cause.  This  is  a  question  which  ought  to  be  solved  by  experiment; 
but  I  fear  it  would  be  almost  impossible  to  perfonn  the  neceisary  operations  'm  t 
Katisfaotorv  manner. 

What  I  now  propose  to  do  is  to  describe  a  particular  dais  of  facts  which  htfe 
lately  attracted  my  attention,  and  to  show  Uiat  the  crystalline  minerals  in  prodncti 
known  to  have  been  formed  by  the  action  of  heat  alone,  have  a  certain  Tenr  well- 
iiuirked  and  characteristic  structure,  which  is  gradually  modified  as  we  pass  tnroagk 
mtnlem  and  more  ancient  Tolcanic  to  plutonic  rocks,  in  such  a  manner  as  to  show  at 
once  that  they  are  intimately  related,  and  yet  differ  in  such  characteristic  particulan 
tlmt  I  tliink  other  agencies  than  more  heat  must  have  had  great  influence  in  prodofio 
iug  the  final  result. 

In  dealing  with  this  subject,  I  propose,  in  the  firet  place,  to  describe  the  charuter- 
iHtic  structure  of  products  formed  artificially  under  perfectly  well-known  conditions, 
and  then  to  pass  ^jadually  to  that  of  rocks  whose  ongin  mudt  be  inferred,  and  cannot 
be  said  to  have  been  completely  proved. 

CryitalUne  Blou^ipe  Bead9.^Qome  years  aj^  I  devoted  a  considerable  amoont  of 
time  to  the  preparation  and  study  of  crystallme  blowpipe  beads,  my  aim  being  to 
diitcover  simple  and  satisfactory  means  for  identif\'ing  small  quantities  of  different 
earths  and  metallic  oxides,  when  mixed  with  others  ;  and  I  never  supposed  that  such 
small  objects  would  throw  any  light  on  the  structure  and  oric:in  of  vast  masses  of 
natural  rock.  The  manner  in  which  I  prepared  them  was  as  follows :  A  small  bead 
of  borax  was  so  saturated  with  the  substance  under  examination  at  a  high  temperature, 
that  it  became  opaque  either  on  cooling  or  when  slowly  re-heated.  It  was  again 
fiwed  so  as  to  be  quite  tranntparent,  and  then  verv  slowly  cooled  over  the  flame.  If 
pn>perly  managed,  the  excess  of  material  held  in  solution  at  a  high  temperature 
slowly  crystallised  out,  the  form  and  character  of  the  crystals  depending  on  the 
nature  of  the  substance  and  on  the  presence  of  other  substances  addea  to  the  bead  as 
test  reagents.  By  this  means  I  proved  that  in  a  few  exceptional  cases  small  simple 
solid  cr)'8tals  are  formed.  More  frequently  they  are  compound,  or  occur  as  minute 
needles,  but  the  most  characteristic  peculiarity  is  the  development  of  complex  skeleton 
crystals  of  extreme  beauty,  built  up  of  minute  attached  prisms,  so  as  to  give  rue  to 
what  would  be  a  well -developed  crystal  with  definite  external  planes,  if  the  inter- 
8i)aces  were  all  filled  up.  In  many  cases  the  fibres  of  these  skeletons  are  parallel  to 
three  different  axes  i)erpendiciilar  to  one  another,  and  it  might  be  supposed  that  the 
entire  skeleton  was  due  to  the  growth  of  small  needle-shaped  cr^'stals  all  uniformly 
elongated  in  the  line  of  one  cr)'stalKne  axis,  so  that  the  resultmg  mass  would  be 
optically  and  crystographioally  complex  ;  but  in  some  cases  the  different  systems  of 
fiores  or  needles  are  inclined  obliquely,  and  then  the  optical  characters  enable  us  to 

5 rove  that  the  separate  prisms  are  not  similar  to  one  another,  but  developed  along 
ifi'urent  crystalline  planes,  so  as  to  build  up  one  definite  crystal,  mechanically  com- 
plex, but  optically  and  cr)*stographically  simple,  or  merely  twinned.  In  a  few  special 
c,wes  there'is  a  well -pronounced  departure  from  tliis  rule,' and  truly  compound  groups 
of  prL><ms  are  formed.  In  the  centre,  that  is  a  definite  simple  prism ;  but  instead 
oi  this  growing  continuously  in  the  same  manner,  so  as  to  produce  a  larger  prism,  its 
ends,  as  it  were,  break  up  into  several  smaller  prisms,  slightly  inclined  to  the  axis  of 
the  first ;  and  these  secondary  prisms,  in  like  manner,  break  up  into  still  smaller,  so 
as  ultimately  to  give  rise  to  a  curious  complex  brush-like  growth,  showing  in  all 
positions  a  sort  of  fan -shaped  structure,  mechanically,  optically,  and  crystographically 
complex. 

I  nave  done  my  best  to  descnbe  those  various  kinds  of  crj'stals  seen  in  blowpipe 
beads  as  cletirly  as  can  be  done  without  occupying  too  much  time,  but  feel  that  it  is 
impossible  to  make  the  subject  as  simple  as  it  really  is  without  numerous  illustrations. 
However,  for  the  purpose  now  in  view,  it  will,  I  trust,  suffice  to  have  established  the 
fact  that  wo  may  divide  the  cr)'stals  in  blowpipe  beads  into  the  following  groups, 
which  on  the  whole  are  sufiiciently  distinct,  though  they  necessarily  pass  one  into  the 
otiier. 

1.  Simple  crystals  3.  Fan -shaped  compound  groups. 

2.  Minute  detached  needles.  4.  Feathery  skeleton  crystols. 

It  must  not  be  suppo:>ed  that  crystals  of  one  or  other  of  these  groups  occur  pro- 
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muBcuously  and  withoat  some  definite  relation  to  the  special  conditions  of  the  case. 
Very  muen  depends  upon  their  chemical  composition.  Some  substances  yield  almost 
exclusively  those  of  one  group,  and  other  substances  those  of  another,  whilst  in  some 
cases  a  difference  in  the  rate  of  cooling  and  other  circumstances  give  r^e  to  variations 
irithin  certain  limits ;  and,  if  it  were  possible  to  still  further  vary  some  of  the  con- 
ditions, these  limits  would  probably  be  increased.  Thus,  for  example,  the  earliest 
deposition  of  crystalline  matter  from  the  glassy  solvent  is  sometimes  in  the  form  of 
simple  solid  prisms  or  needles,  but  later  on  in  the  process  it  is  in  the  form  of  com- 
pound feathery  tufts ;  and  if  it  were  possible  to  cool  the  beads  much  more  slowly 
whilst  they  are  very  hot,  I  am  inclined  to  believe  that  some  substances  might  be 
found  that  in  the  early  stage  of  the  process  would  yield  larger  and  more  solid  crystals 
than  those  commonly  met  with.  This  supposition,  at  all  events,  agrees  with  what 
takes  places  when  such  salts  as  potassium  chloride  are  crystallised  trom  solution  in 
water.  Some  of  my  blowpipe  beads  prove  most  conclusively  that  several  perfectly 
distinct  crystalline  substances  may  be  contemporaneously  deposited  from  a  highly 
heated  vitreous  solvent,  which  is  an  important  fact  in  connection  with  the  structure 
of  igneous  rocks,  since  some  authors  have  asserted  that  more  than  one  mineral  species 
cannot  be  formed  by  the  slow  cooling  of  a  truly  melted  rock.  The  great  advantage 
of  studying  artificial  blowpipe  bea£  is  that  we  can  so  easily  obtain  a  variety  of 
results  under  conditions  which  are  perfectly  well  known,  and  more  or  less  completely 
under  control. 

Artijleial  Slags! — I  now  proceed  to  consider  the  structure  of  slags,  and  feel 
tempted  to  enter  into  the  consideration  of  the  various  minerals  foimd  in  them  which 
are  more  or  less  perfectly  identical  with  those  characteristic  of  erupted  rocks ;  but 
some  of  the  most  interesting,  like  the  felspars,  occur  in  a  well-marked  form  only  in 
special  cases  where  iron  ores  are  smelted  with  fluxes,  seldom,  if  ever,  employed  in  our 
own  country,  so  that  my  acquaintance  with  them  is  extremely  spoall.  My  attention 
has  been  mainly  directed  to  the  more  common  products  of  our  blast-furnaces.  On 
examining  these,  after  having  become  perfectly  familiar  with  the  structure  of  blow- 
pipe beads,  I  could  see  at  once  that  they  are  very  analogous,  if  not  identical  in  their 
structure.  In  both  we  have  a  glassy  solvent,  from  which  cr3r8tals  have  been  deposited ; 
oaly  in  one  case  this  solvent  was  rea  hot,  melted  borax,  and  in  the  other  glassy,  melted 
stone.  Thus,  for  example,  some  compounds,  like  what  I  believe  is  Humboldtilite, 
crystallise  out  in  well-marked  solid  crystals,  like  those  seen  occasionally  in  blowpipe 
beiEds,  whereas  others  crystallise  out  in  complex  feathery  skeletons,  just  like  those  so 
common  in  and  characteristic  of  the  beads.  In  both  we  also  often  see  small  detached 
needles,  scattered  about  in  the  glassy  base.  These  skeleton  crystals  and  minute 
needles  have  been  described  by  vanous  writers,  under  the  names,  eri/atallites,  behnites^ 
and  triehiUs.  Though  we  have  not  the  great  variety  of  different  forms  met  with  in 
the  beads,  and  cannot  so  readily  vary  the  conditions  under  which  they  are  produced, 
yet  we  can,  at  all  events,  see  clearly  that  their  structural  character  aepenas  both  on 
their  chemical  constitution  and  on  the  physical  conditions  under  which  they  have 
crystallised.  None  of  my  microscopical  preparations  of  English  slags  appear  to 
contain  any  species  of  felspar,  but  several  contain  what  I  believe  is  some  variety  of 
augite,  both  m  the  form  of  more  or  less  solid  prisms,  and  of  feathery  skeletons  of 
great  beauty  and  of  much  interest  in  connection  with  the  next  class  of  products  to 
which  I  shall  call  your  attention,  viz. ,  rocks  artificially  melted  and  slowlj  cooled. 

Rocks  Artificially  Melted. — I  have  had  the  opportunity  of  prepanng  excellent 
thin  microscopical  sections  of  some  of  the  results  of  the  classic  experiments  of  Sir 
James  Hall.  I  have  also  carefully  studied  the  product  obtained  by  fusing  and  slowly 
cooline  much  larger  masses  of  the  basalt  of  Rowley,  and  have  compared  its  structure 
with  that  of  the  original  rock.  Both  are  entirely  crystalline,  ana,  as  far  as  I  can 
ascertain,  both  are  mainly  composed  of  the  same  minerals.  Those  to  which  I  would 
especially  call  attention  are  a  mclinic  felspar  and  an  augite.  The  general  character 
of  the  crystals  is,  however,  strikingly  different.  In  the  artificial  product  a  con- 
siderable part  of  the  augite  occurs  as  flat,  feathery  plates,  like  those  m  furnace  slan, 
which  are  quite  absent  from  the  natural  rock,  and  only  part  occurs  as  simple  solid 
crystals^  analogous  to  those  in  the  rock,  but  much  smaller  and  less  developed.  The 
felspar  is  chiefly  in  the  form  of  elongated,  flat,  twinned  prisms,  which,  like  the 
prisms  in  some  blowpipe  beads,  commence  in  a  more  simple  form,  and  end  in  complex 
fan-shaped  brushes,  whereas  in  the  natural  rock  they  are  larger  than  in  the  artificial, 
and  exclusively  of  simple  character.    On  the  whole,  then,  tiiough  the  artificially 
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melttd  and  slowly  cooled  basalt  is  entirely  crystalline,  and  has  a  mineral  compontioD 
closfily  like  that  of  the  natural  rock,  \\a  mechanical  structure  is  yeiy  different,  being 
identical  with  that  of  blowpipe  beads  and  slags. 

Voicatiie  Rocks. — l^osbiug  now  to  true  natural  igneous  rockSf  we  find  some,  like 
obsidian,  which  clost^ly  correspond  w^ith  blowpipe  beads,  sli^,  and  artificially  melted 
roi'k^,  in  having  a  glsu»sy  base,  through  which  small  cr>*8taUine  needles  are  scattoed ; 
but  the  more  completely  crystalliue  volcanic  rocks  have,  on  the  whole,  a  stmctiin 
very  characteristically  unlike  that  of  the  artificial  products.  I  have  most  cmr^hiUy 
examined  all  my  sections  of  modem  and  ancient  volcanic  rocks,  but  cannot  find  any 
in  which  the  augite  or  magnetite  is  crystallized  in  feathery  skeletons.  In  the  caie 
of  onlj  one  single  natural  rock,  from  a  dyke  near  Beaumaris,  have  I  found  the 
triclimc  felspar  arranged  in  just  the  same  fan-shaped,  brush-like  groups  as  those 
in  similar  rocks  artificially  melted  and  slowly  cooled.  The  large  solid  crystals  in 
specimens  from  other  localities  sometimes  show  that  towards  the  end  of  their  growth 
small  flat  prisms  were  dtivelopcd  on  their  surface,  analogous  to  those  first  deposited 
in  the  case  of  the  artificial  product.  In  slags  composed  almost  exclusively  of  what 
I  believe  is  Humboldtilite,  the  crystals  are  indeed  imiformly  as  simple  ana  solid  u 
those  in  natural  rocks,  but  the  examination  of  different  blowpipe  beads  shows  that 
no  fair  comparison  can  be  made  between  altogether  different  suostances.  We  must 
compare  together  the  minerals  common  to  the  natural  and  the  artificial  prodncts, 
and  we  then  see  that,  on  the  whole,  the  two  classes  are  only  iust  distinctly  connected 
by  certain  exceptional  crystals  and  by  structural  characters  which,  as  it  were,  overlap 
enough  to  show  that  there  is  a  pass^e  from  one  type  to  the  other.  In  the  artificial 
products  are  a  few  smaU,  solid  crj-stals  of  both  augite  and  a  triclinic  felspar,  which 
closely  correspond  to  the  exceptionally  small  crystals  in  the  natural  rociks  ;  but  the 
development  of  the  great  mass  of  the  crystals  is  in  a  different  direction  in  the  two 
cases.  In  the  artificial  products  it  is  in  the  direction  of  complex  skeletons,  which  are 
not  seen  in  the  natural  rock ;  but  in  the  natural  rock  it  is  in  the  direction  of  large 
simple  solid  crystals,  which  are  not  met  with  in  the  artificial  products.  There  is  a 
far  closer  analogy  in  the  case  of  partially  vitreous  rocks,  which,  independent  of  the 
true  glassy  base  common  to  them  and  the  artificial  products,  often  contain  analogous 
crystalline  needles.  Even  then,  however,  we  see  tnat  in  the  artificial  product  the 
cr\*stalH  tend  to  develop  into  complex  skeletons,  but  in  the  natural  rocks  into  simple 
solid  cr)'Htals. 

It  must  not  be  supposed  that  these  facts  in  any  way  lead  me  to  think  that 
thonmghly  cr}'8tallinc  modom  and  ancient  volcanic  nx'ks  were  never  truly  fused. 
The  simple,  large,  and  characteristic  crystals  of  such  minerals  as  augite,  felspar, 
leucite,  and  olivine,  often  contain  so  many  thon>ughly  well-marked  glass  enclosures, 
as  to  prove  most  conclusively  that  when  tfie  crystals  were  formed  they  were  surrounded 
by,  and  deposited  from,  a  melted  glossy  base,  which  was  caught  up  by  them  whilst  it 
w'as  still  melted.  This  includt^  glass  nas  often  remained  unchanged,  even  when  the 
main  mass  became  completely  cr}'fitalline,  or  has  been  greatly  altered  by  the  subsequent 
action  of  water.  I  contenu  that  these  glass  enclosures  prove  that  many  of  our 
British  erupted  rocks  were  of  as  truly  igneous  origin  as  any  lava  flowing  from  a 
modem  volcano.  The  difference  between  the  structure  of  such  natural  rocks  and  that 
of  artificial  slags  must  not,  in  my  opinion,  bo  attributed  to  the  absence  of  tme  igneous 
fasion,  but  to  some  difference  in  the  surrounding  conditions,  which  was  suflSicient  to 
greatly  modify  the  final  result,  when  the  fused  mass  became  cr}*stalliue  on  cooling. 
The  oDserved  facts  are  clear  enough,  and  several  plausible  explanations  might  easily 
be  suggested,  but  I  do  not  feel  at  all  convinced  that  any  single  one  would  be  correct. 
That  which  first  suggests  itself  is  a  much  slower  cooling  of  the  natural  rocks  than  is 
possible  in  the  case  ojf  the  artificial  products  ;  and  I  must  confess  that  this  explana- 
tion seems  so  plausible  that  I  should  not  hesitate  to  adopt  it,  if  certain  facts  could  be 
accounted  for  in  a  satisfactory  manner.  Nothing  could  be  more  simple  than  to 
suppose  that  skeleton  cr}'Htals  are  formed  when  deposition  takes  place  m  a  hurried 
manner,  and  they  so  overgrow  the  supply  that  they  develop  themselves  along  certain 
lines  of  growth  before  there  has  been  time  to  solicQy  build  up  what  has  been  roughly 
sketched  in  outline.  I  cannot  but  think  that  this  must  be  a  true  and,  to  some  extent, 
active  cause,  even  if  it  be  inadequate  to  explain  all  the  facts.  What  makes  me 
hesitate  to  adopt  it  by  itself  is  tne  stmcture  of  some  doleritic  rocks  when  in  c1«m 
contact  with  the  strata  amongst  wV\\tV\ti\ft^  Ivave  been  empted.  In  all  my  specimens 
the  effects  of  much  more  m^id  tooVm^  w^  ^tltOiX'^  ^Oii  xevim^vAl.   Tbm  V^«jb«  of  the 
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rock  when  in  close  contact  is  sometimes  so  extremely  fine-grained  that  it  is  scarce] 
oystallised,  and  is  certainly  far  leds  crystalline  ana  finer-grained  than  the  artifici 
products  to  which  I  have  called  attention,  and  yet  there  is  no  passage  towards  tho; 
stmctores  which  are  most  characteristic  of  sls^s,  or  at  least,  no  such  passage  as 
should  have  expected  if  these  structures  depended  exclusively  on  more  rapid  cooling. 

We  might  well  ascribe  something  to  the  effect  of  mass,  but  one  of  my  spccimei 
of  basalt  melted  and  slowly  cooled  in  a  small  crucible  is  quite  as  crystalline  as  anoth< 
specimen  taken  £rom  a  far  larger  mass,  though  I  must  confess  that  wnat  difference  thei 
is  in  this  latter  is  in  the  direction  of  the  structure  characteristic  •  of  natural  rock 
The  presence  or  absence  of  water  appears  to  me  a  very  probable  explanation  of  son 
differences.  When  thero  is  evidence  of  its  pr^ence  m  a  liquid  state  during  tl 
consolidation  of  the  rock  we  can  scarcely  hesitate  to  conclude  that  it  must  have  h( 
some  active  influence ;  but  in  the  case  of  true  volcanic  rocks  the  presence  of  liqu 
water  is  scarcely  probable.  That  much  water  is  present  in  some  form  or  other, 
clearly  proved  by  the  great  amount  of  steam  given  off  from  erupted  lavas.  I  cs 
scarcely  believe  that  it  exists  in  a  liquid  state,  except  at  great  depths,  but  it  mi 
possibly  be  present  in  a  combined  form  or  as  a  dissolved  vapour  under  much  le 
pressure,  and  the  question  is  whether  this  water  may  not  have  considerable  infiuen( 
on  the  growth  of  crystals  formed  prior  to  eruption.  Wore  it  was  given  off  as  stean 
I  do  not  know  one  single  fact  which  can  be  looked  upon  as  fairly  opposed  to  th 
supposition,  and  it  is  even  to  some  extent  supported  Dy  experiment.  M.  Daubn 
informs  me  that  the  crystals  of  augite  formed  Dy  him  at  a  high  temperature  by  tl 
action  of  water  have  the  solid  character  of  those  in  volcamc  rocKs,  and  not  tl 
skeleton  structure  of  those  met  with  in  slags.  The  conditions  under  which  they  we; 
formed  were,  however,  not  sufficiently  like  those  probably  present  during  the  fonm 
tion  of  emptied  lavas  to  justify  our  looking  upon  the  explanation  I  have  suggested  i 
anything  more  than  sufficiently  plausible,  in  the  absence  of  more  complete  experiment 
proofs. 

Granitic  Rocks. — I  now  proceed  to  consider  rocks  of  another  extreme  type,  whi< 
for  distinction  we  may  call  the  granitic.  On  the  whole,  they  have  little  or  nothii 
in  common  with  slags,  or  with  artificial  products  similar  to  slags,  being  compost 
exclusively  of  solid  crystals,  analogous  in  character  only  to  slag-crystals  of  vei 
different  mineral  nature.  As  an  illustration,  I  would  refer  to  the  structure  of  tl 
products  formed  by  fusing  and  slowly  cooling  upwards  of  a  ton  of  the  syenite  • 
Urooby,  near  Leicester.  Different  parts  of  the  resulting  mass  differ  very  materiall 
but  still  there  is  an  intimate  relation  between  them,  and  a  gradual  passage  from  oi 
to  the  other.  The  most  characteristic  feature  of  those  parts  which  are  complete 
crystalline  is  the  presence  of  beautiful  feathery  skeleton-crystals  of  magnetite,  and 
long  flat  prisms  of  a  triclinic  felspar,  endiag  in  complex,  fan-shaped  brushes.  The: 
are  no  soud  crystals  of  felspar,  hornblende,  and  quartz,  of  which  the  natural  rock 
mainly  composed,  to  the  entire  exclusion  of  any  resembling  those  in  the  melted  rocl 
As  looked  upon  from  the  point  of  view  taken  in  this  address,  the  natural  and  artifici 
products  have  no  structural  character  in  common,  so  that  I  think  we  must  look  f< 
other  conditions  than  pure  igneous  fusion  to  explain  the  greatly  modified  results.  W 
have  not  to  look  far  for  evidence  of  a  weU-marked  difference  in  surroundii 
circumstances.  The  quartz  in  the  natural  rock  contains  vast  numbers  of  fiuic 
cavities,  thus  proving  that  water  was  present,  either  in  the  liquid  state  or  as  a  vapoi 
so  highly  compressed  'that  it  afterwards  condensed  into  an  almost  equal  bulk  < 
liquid.  In  some  specimens  of  granite  there  is  indeed  clear  proof  that  the  water  wi 
present  as  a  liquid,  supersaturated  with  alkaline  chlorides,  like  that  inclosed  in  tl 
cavities  of  some  minerals  met  with  in  blocks  ejected  from  Vesuvius,  which  also  ha^ 
to  some  extent  what  may  be  called  a  granitic  structure.  In  the  case  of  one  vei 
exceptional  and  interesting  granite,  there  is  apparentl^r  good  proof  that  the  felsp: 
crystallised  out  at  a  temperature  above  the  critical  point  of  water— that  is  to  sa 
at  a  temperature  higher  than  that  at  which  water  can  exist  as  a  liquid  under  ai 
pressure — and  it  caught  up  highly  compressed  steam,  comparatively,  if  not  entirel 
free  from  soluble  salts  ;  whereas  the  quartz  crystallised  when  the  temperature  was  i 
far  lowered  as  to  be  below  the  critical  point,  and  the  water  had  passed  into  a  liquii 
supersaturated  with  alkaline  chlorides,  which  have  crystallised  out  as  small  cubes  i 
the  fluid-cavities,  just  as  in  the  case  of  minerals  in  some  of  the  blocks  ejected  fro; 
Vesuvius. 

Confining  our  attention,  then,  to  extreme  cases,  we  thus  see  that  rocks  of  tl 
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punitic  type  diffiT  in  a  momi  characteristic  manner  from  the  productv  of  artifiml 
i^iifous  fu!«i4)n,  both  in  the  8tructare  of  the  cr}'!(taU  and  in  containing?  liquid  water, 
iu<'li»scd  at  the  time  of  their  formation.  The  qnerttitm  then  arises,  whether  then 
ditfen.'iici'ri  witp  due  to  the  presence  of  the  liquid  water,  or  whether  its  presence  and 
the  cliaructeriHtic  structure  were  not  both  the  effects  of  the  RTcat  pressure  of  superin- 
cumlM'nt  r(H.'ks.  I  do  not  see  how  this  can  be  decided  in  a  perfectly  satisfactory 
niunner,  but  must  confess  that  I  am  inclined  to  believe  that,  whilst  great  pressure 
was  necessnrilv  the  n^son  why  the  water  did  nut'  escape  as  vapour,  the  presence  (rf 
liquid  watrr  cfurinjf  final  c<msolidation  must  hare  had  a  ver}'  considerable  influence  in 
modifyin<r  the  structure  of  the  rock,  and  had  a  great  share  in  developing  what  we 
mav  cull  the  granitic  t^'pe. 

Tt  would  be  very  instructive  to  follow  out  the  padual  passage  from  one  extreme 
type  to  another  fur  more  completely  than  is  possible  on  the  present  occasion.  The 
most  interesting  exam]>les  of  n>cks  intermediate  between  the  granitic  and  volcanic 
tvpes  that  I  have  been  able  to  examine  in  adequate  detail,  are  the  various  Comi!>h 
elvnns  and  other  quartz  folsites,  which  furnish  all  but  a  complete  passage  from  pitch- 
stont^  to  granite.  Some  spe<*imens  prove  that  quartx  mav  cr^-stallize  out  from  and 
inclose  a  pe-rft^ctly  glassy  base,  witiiout  a  trace  of  liquid  water ;  and  at  the  same 
time  other  specimens  pntve  equally  well  that,  as  we  approach  the  granitic  type,  the 
quartz  was  not  deix^sited  from  a  glassy  solvent,  but  inclosed  more  or  less  water.  In 
the  few  intermcdiute  (*ases  thenr  appears  to  be  evidence  of  the  conjoint  presence  of 
unc(mibined  water  and  melti-d  stony  mutter.  ( )n  the  whole,  if  we  take  int^i  cou-^idera- 
tion  only  the  exti>mal  form  of  the' larger  cr)'stals,  rocks  of  the  granitic  type  are  very 
mui'h  as  though  the  crystals  met  with  in  truly  volcanic  rcx'ks  had  been  strained  out 
from  the  glassy  or  fine-grained  base,  and  the  intermediate  spaces  tilled  with  quartz. 
The  internal  stni<'ture  of  the  crystals  is,  however,  very  different,  the  cavities  m  one 
class  containing  glass,  and  in  the  other  water.  This  moist  essential  and  characteristk 
ditfi'reni'e  proves  that  rocks  of  the  true  granitic  tyiK*  cannot  have  been  formed  simpW 
by  the  more  comi)let(>  crystallization  of  the  general  base  of  the  rock.  If  the  crj'stals 
in  i^ranite  were  analogous  to  those  developed  in  volcanic  rocks,  and  the  only  essential 
dirfrn^nce  with  that  the  residui*  crvstallized  out  more  slowly  and  completely,  so  as  tit 
givi;  risi^  to  a  mort*  coarn-lv  cr\-stallized  base,  the  cr}-stal8  first  formed  oi^ht  not,  as  I 
think,  ti»  differ  so  esneutiJiIlv  as  that  in  one  case  thiy  should  inclose  only  gla^^^,  ami  in 
the  otinT  only  water.  Taking  all  into  consideration,  wc  can  then'fore  scan^ely  suppose 
tliat  tho  crystals  in  gr.iuitic  ro<*ks  were  dep(»sited  from  a  truly  melted,  dry,  glassy 
s(»lvtnt,  like  those  in  volcanic  rocks  or  in  slags. 

(/fHtrnl  ]temit«.  —1  have,  I  tra^t,  now  said  enough  to  show  that  the  objects  here 
d'.scribHl  mav  be  convenifntly  s«^psirat«*d  into  three  well-markt?d  groups,  viz..  artificial 
slags,  volranic  rocks,  and  granitic  rocks.  My  own  sjwcimens  uU  show  perftnMly  well- 
markt-d  and  chanu^turistic  structuri«,  though  thev  are  conn«.'ted  in  some  cases  by 
iutenuiiliate  varit'ties.  Possibly  such  c<mnecting  links  might  Iw*  mon»  pronounct^  in 
other  spccinu^ns  that  have  not  come  under  my  n(»tice.  I  muitt,  however,  base  my 
(*onclusions  on  what  I  have  been  able  to  study  in  an  adequate  manner,  by  examining 
my  own  j)reparations,  and  leave  it  for  others'  to  correct  anv  errors  into  which  1  may 
have  l>een  h.d  from  lack  of  more  mimen)us  specimens,  fn  any  case  the  facts  seem 
abundimtly  suflirirnt  to  prove  that  there  must  be  some  active  caa<e  for  such  a  common, 
if  not  general.  ditfen»nce  in  the  structural  character  of  these  three  different  types. 
11i(«  snpiKisitiou  is  so  simple  and  attnictive,  that  I  feel  very  much  tempt^.'d  to  sugge!»t 
that  this  difference  is  due  to  the  presence  or  absence  of  water  as  a  gas  or  as  a  liquid. 
In  the  cose  of  slogs  it  is  hot  present  in  any  form.  (Considering  how  largt^  an  amount 
of  steam  is  given  off  from  eruptf<l  lavas,  and  that,  as  a  rule,  no  fluid-cavities  occur  in 
the  constituent  minerals,  it  appears  to  me  very  plausible  to  suppose  that  thost^  structures 
which  arc  spirially  characteristic  of  volcanic  rocks  are  in  a  gn>at  measure,  if  not 
cntiri'ly,  dut-  to  the  presence  of  axsociated  or  diwolrrd  vapour.  The  fluid -cavities 
pr(»ve  that  water  was  sometimes,  if  not  always,  pres«^nt  as  a  liquid  during  the  con- 
solidation of  granitic  rocks ;  and  we  can  scan^>lv  hesitate  to  conclude  that  it  must 
have  had  very  considerable  influence  on  the  nK-k  (furing  consolidation.  Still,  though 
these  three  extreme  tjpes  appear  to  be  thus  characterisi'd  by  the  absence  of  water,  or 
by  its  presence  in  a  state  oi  vapour  or  liquid,  I  think  we  are  scarcely  in  a  position  to 
say  that  this  difl'creuce  in  the  conditions  is  more  than  a  ])lausiblo  explanation  of  the 
d//ferrjices  in  th»?ir  stnicture.  At  the  same  time,  I  do  not  know  any  facts  that  are 
oppo^ycd  to  this  conclusion,  and  we  s.\\o\3\Cl,  ■^iWy^n'^qX.  ^gNaNX^  «rt  xa  thus  correlating 
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the  structures,  even  though  the  water  was  not  the  essential  and  actiTe  cause  of  the 
differences. 

Confining  our  attention  to  the  more  important  crystalline  constituents  which  are 
common  to  the  different  types,  we  may  say  that  the  chief  structural  characters  of  the 
crystals  are  as  follows : — 

a.  Skeleton  crystals.  d.  Simple  crystals. 

h.  Fan-shaped  groups.  e.  Fluid- cavities. 

c.  Glass-cavities. 
These  different  structural  characters  are  found  combined  in  different  ways  in  the 
different  natural  and  artificial  products ;  and  for  simplicity  I  will  refer  to  them  by 
means  of  the  affixed  letters. 

The  type  of  the  artificial  products  of  fusion  may  generally  be  expressed  by  a  4  6 
or  A  4-  <?,  that  is  to  say,  it  is  characterised  by  skeleton  crystals  and  fan -shaped  groups, 
or  by  fan-shaped  ^ups  and  glass-cayities.  In  like  manner  the  volcanic  type  may 
be  expressed  occasionally  by  A  +  <?,  but  generally  by  « -♦-  rf ;  and  the  granitic  hy  d-^e. 
These  relations  will  be  more  apparent  u.  given  m  tne  form  of  a  table,  as  foUows  : — 

SUgtype  .        .     }     »-'*^, 

Volcanic  type    .        .J  A-d 

Granitic  type     .        ,        .        .  rf  +  *. 

Hence  it  will  be  seen  that  there  is  a  gradual  passage  from  one  type  to  the  other  by 
the  disappearance  of  one  character  and  the  appearance  of  another,  certain  characters 
the  meanwhile  remaining  common,  so  that  there  is  no  sudden  break,  but  an  over- 
lapping of  structural  characteristics.  It  is,  I  think,  satisfactory  to  find  that,  when 
erupted  rocks  are  examined  from  such  a  new  and  independent  point  of  view,  the 
general  conclusions  to  which  I  had  been  led  are  so  completely  in  accord  with  those 
arrived  at  by  other  methods  ^f  study. 

ConrltMton. — And  now  I  feel  that  it  is  time  to  conclude.  I  have  necessarily  been 
compelled  to  give  only  a  general  account  of  the  subject,  and  perhaps,  for  want  of 
adequate  description,  n>any  facts  may  appear  more  complex  than  they  really  are. 
Some  are,  indeed,  of  anything  but  sunpie  character,  ana  their  full  explanation  is, 
perhaps,  beyond  our  present  power.  The  greater  part  are,  however,  much  more 
simple  and  easy  to  observe  than  to  describe ;  and,  even  if  I  have  failed  to  make 
everything  as  plain  as  I  eould  wish,  I  hope  I  have  succeeded  in  making  the  principal 
point  sufficiently  clear  to  show  that  the  structure  of  slags  and  of  analogous  artificial 
products  throws  much  light  on  the  structure  and  origin  of  the  various  groups  of 
erupted  rocks.  I  feel  that  very  much  still  remains  to  be  learned,  and,  as  I  think, 
could  be  learned,  by  the  further  extension  of  this  method  of  inquiry.  What  strikes 
me  most  is  the  great  necessity  for  the  more  complete  application  of  experimental 
methods  of  research ;  but  to  carry  out  the  expenments  necessary  to  clear  up  the 
essential  difficulties  of  the  subject  would,  I  fear,  be  a  most  difficult  undertaking.  In 
the  meantime  all  that  we  can  do  is  to  compare  the  structure  of  known  artificial 
products  with  that  of  natural  rocks,  and  to  draw  the  best  conclusions  we  can  from  the 
facts,  as  viewed  in  the  light  of  our  present  knowledge  of  chemistry  and  physics.  My 
own  impression  is  that  there  is  still  much  to  be  learned  respecting  the  exact  conditions 
under  which  some  of  our  commonest  rocks  were  formed. 


# 

I.  —  British  Association    for    the    Adyanoevknt  of   Soience, 
Swansea,  August  26,  1880. 

IT  has  seldom,  if  ever,  happened  hefore,  that  the  meeting  of  the 
British  Association  has  been  inaugurated  by  a  purely  geological 
address  from  its  President. 

Whatever  may  have  been  that  President's  special  line  of  study,  it 
has  generally  been  the  practice  to  furnish  some  retrospect  of  the 
work  carried  on  in  all  the  various  branches  of  scientific  reRftw:<ih — 
besides  geology.     This  year,  however,  the  Pai»iDia^T,  '^'aa^.  K.^. 
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Bansat,  LL.D.,  F.R.S.,  V.P.O.S.,  has  entirely  ignored  his  character 
as  **  the  Chief  of  many  Sections,**  and  has  devoted  his  Address  simply 
to  his  favourite  study — geology.  His  text  is  "  On  the  Becarrenca 
of  Certain  Phenomena  in  Geological  Time,"  and  may  be  considered 
as  a  strictly  Uniformitarian  discourse.  As  the  '*  Times  "  and  eveiy 
other  paper  has  given  it  more  or  less  in  full,  we  need  not  attem|^ 
a  task  quite  beyond  our  space  here.  The  subjects  chosen  to  illostrato 
the  proposition  were  **  MetamorphiBm  ;**  *' Volcanoa  ;  **  **  MowUak 
Chains:**  *' Salt  and  Salt- Lakes;**  *'  Fresh-water**—'  Lakes  and  Estw- 
aries;**  "Glacial  Phenomena,**  We  can  only  find  space  for  the 
C0NOLU810N,  which  we  give  in  Prof.  Ramsay's  own  words : — 

"  In  opening  this  address,  I  began  with  the  subject  of  the  oldest 
metamoq)hic  rocks  that  I  have  seen'— the  Laurentian  strata.  It  is 
evident  to  every  person  who  thinks  on  the  subject  that  their  depo- 
sition took  place  far  from  the  beginning  of  recognized  geological  time. 
For  there  must  have  been  older  rocks  by  the  degradation  of  which 
they  were  formed.  And  if,  as  some  American  geologists  affirm, 
there  are  on  that  continent  metamorphic  rocks  of  more  ancient  dates 
tlian  the  Laui-entian  strata,  there  must  have  been  rocks  more  ancient 
still  to  afford  materials  for  the  deposition  of  these  pre- Laurentian 
strata. 

Starting  with  the  Laurentian  rocks,  I  have  shown  that  the  phe- 
nomena of  metamorphism  of  strata  have  been  continued  from  that 
date  all  through  the  later  formations,  or  groups  of  formations  down 
to  and  including  part  of  the  Eocene  strata  in  some  parts  of  the  world. 

In  like  manner  I  have  shown  that  ordinary  volcanic  rocks  have 
been  ejected  in  Silurian,  Devonian,  Carboniferous,  Jurassic,  Cretaceo- 
oolitic,  Cretaceous,  Eocene,  Miocene,  and  Pliocene  times,  and  from 
all  that  I  have  seen  or  read  of  these  ancient  volcanos,  I  have  no 
reason  to  believe  that  volcanic  forces  played  a  more  important  part 
in  any  period  of  geological  time  than  they  do  in  this  our  modem 
epoch. 

So,  also,  mountain-chains  existed  before  the  deposition  of  the 
Silurian  rocks,  others  of  later  date  before  the  Old  Red  Sandstone 
strata  wei*e  formed,  and  the  chain  of  the  Ural  before  the  deposition 
of  the  Permian  beds.  The  last  great  upheaval  of  the  Alleghany 
Mountains  took  place  between  the  close  of  the  formation  of  the 
Carboniferous  strata  of  that  region  and  the  deposition  of  the  New 
Red  Sandstone. 

According  to  Darwin,  after  various  oscillations  of  level,  the  Cor- 
dillera underwent  its  chief  upheaval  after  the  Cretaceous  epoch,  and 
all  geologists  know  that  the  Alps,  the  Pyrenees,  the  Carpathians, 
the  Himalayas,  and  other  mountain-chains  (which  I  have  named) 
underwent  what  seems  to  have  been  their  chief  great  upheaval  after 
the  deposition  of  the  Eocene  strata,  while  some  of  them  were  again 
lifted  up  several  thousands  of  feet  after  the  close  of  the  Miocene 
ejwch. 

The  deposition  of  salts  from  aqueous  solutions  in  inland  lakes  and 
lagoons  appears  to  have  taken  place  through  all  time— through  Silu- 
rian, Devonian,  Carboniferous,  Permian,  Triassic,  Jurassic  CretaceouSy 
Eocene,  Miocene,  and  Pliocene  epochs — and  it  is  going  on  now. 
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In  like  manner  fresh-water  and  estuarine  conditions  are  found  now 
in  one  region,  now  in  another,  throughout  all  the  formations  or 
groups  of  formations  possibly  from  Silurian  times  onward  ;  and 
glacial  phenomena,  so  far  from  being  confined  to  what  was  and  is 
generally  still  termed  the  Glacial  Epoch,  are  now  boldly  declared, 
by  independent  witnesses  of  known  high  reputation,  to  begin  with 
the  Cambrian  epoch,  and  to  have  occurred  somewhere,  at  intervals, 
in  various  formations,  from  almost  the^earliest  PalaBOzoic  times  down 
to  our  last  post-Pliocene  '  Glacial  Epoch.' 

If  the  nebular  hypothesis  of  astronomers  be  true  (and  I  know  of 
no  reason  why  it  sl^ould  be  doubted),  the  earth  was  at  one  time  in  a 
purely  gaseous  state,  and  afterwards  in  a  fluid  condition,  attended 
by  intense  heat.  By-and-by  consolidation,  due  to  partial  cooling, 
took  place  on  the  surface,  and  as  radiation  of  heat  went  on,  the  outer 
shell  thickened.  Hadiation  still  going  on,  the  interior  fluid  matter 
decreased  in  bulk,  and,  by  force  of  gravitation,  the  outer  shell  being 
drawn  towards  the  interior,  gave  way,  and,  in  parts,  got  crinkled  up, 
and  this,  according  to  cosmogonists.  was  the  origin  of  the  earliest 
mountain-chains.  I  make  no  objection  to  the  hypothesis,  which,  to 
say  the  least,  seems  to  be  the  best  that  can  be  offered,  and  looks 
highly  probable.  But,  assuming  that  it  is  true,  these  hypothetical 
events  took  place  so  long  before  authentic  geological  history  began,  as 
written  in  the  rocks,  that  the  earliest  of  the  physical  events  to  which 
I  have  drawn  your  attention  in  this  addresS'  was,  to  all  human 
apprehension  of  time,  so  enormously  removed  from  these  early 
assumed  cosmical  phenomena,  that  they  appear  to  me  to  have  been  of 
comparatively  quite  modem  occurrence,  and  to  indicate  that  from  the 
Laurentian  epoch  down  to  the  present  day,  all  the  physical  events  in  the 
history  of  the  earth  have  varied  neither  in  kind  nor  in  intensity  from 
those  of  which  we  now  have  experience.  Perhaps  many  of  our  British 
geologists  hold  similar  opinions,  but,  if  it  be  so,  it  may  not  be  alto- 
gether useless  to  have  considered  the  various  subjects  separately  on 
which  I  depend  to  prove  the  point  I  had  in  view." 


n. — United  States  GEOiiOoiOAL  and  Geogbaphioal  Survey  op 
Colorado  and  Adjacent  Territory,  lb76.  By  F.  V.  Hayden, 
United  States  Geologist.  8vo.  (Published  at  the  Government 
Printing  Office,  Washington,  1878.) 

THE  Tenth  Annual  Report  of  this  extensive  and  exhaustive  Survey 
is  fully  worthy  of  its  predecessors,  and  bears  testimony  that  there 
is  no  want  of  care,  attention,  and  energy  on  the  part  of  the  Depart- 
ment over  which  Mr.  Hayden  has  presided. 

It  contains  the  subsidiary  reports  of  Messrs.  C.  A.  White,  F.  M. 
Endlich,  and  A.  C.  Peale,  on  the  Geology  of  a  portion  of  North- 
Westem  Colorado,  the  White  River  Division,  and  the  Grand  River 
district ;  and  reports  also  on  the  triangulation  and  survey  of  the 
districts  under  examination,  the  value  of  the  arable  and  pasture  land 
for  cultivation,  and  a  most  interesting  treatise  on  the  archseological 
remains. 
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Tlie  Oeological  series  described  embraces  tbe  Teitiaries  of  Unita, 
Brid^er,  Green  Kiver,  and  WabRatch,  comprising  beds  of  ooarM 
friable  sandstones  and  conglomerates ;  the  Post-Cretaoeoos  of 
Laramie,  containing  carbonaceous  layers  and  beds  of  ooal,  inter- 
calated with  reddish,  ferruginons,  and  yellowish  sandstones;  the 
Cretaceous  beds  of  Fox  Hills,  Colorado,  and  Dakota,  oontaining 
clayey  and  sandy  shales ;  the  Jura-Trias  of  different  coloured  sand- 
stones, with  calcareous  fossiliferous  rock;  and  lastly  the  Carbon- 
iferous strata,  consisting  of  sandy  and  calcareous  beds,  with  masst-s 
aiid  nodules  of  chert,  compact  bluish  fossiliferons  limestone, 
sandstones,  sandy  limestones,  and  hard  and  often  quartzitic  brick-red 
sandstones.  I'hese  rest  on  the  Weber  quartzite.  The  sections  and 
outline  illustrations  of  these  strata  are  most  admirably  rendered; 
and  a  further  series  of  sketches  of  the  weathered  and  eroded  sand- 
stones fonning  "monuments,"  such  as  the  "  Happy  Family  "  groop 
in  the  White  River  Caiion,  are  also  given.  Speaking  of  the  latter, 
Mr.  Endlich  obsen'es,  *'The  most  frequent  form  exhibited  is  one 
closel}'  imitating  ruins  of  some  ancient  building  or  city.  Seen  by 
the  slanting  rnys  of  a  setting  sun,  the  hills  seem  fortified,  each  by  a 
castle  of  enormous  dimeuKions,  that  throws  a  long-drawn  shadow  to 
the  eastward.  Turrets  and  battlements  are  supplied  by  the  skilful 
hand  of  nature,  that  teach,  by  their  form,  the  source  whence  human 
ingenuity  copied  them." 

it  is  also  advanced  that,  though  the  canOBS  have  been  mainly 
carved  out  by  water-action  alone,  there  seem  to  be  indications  of 
ice-action  in  the  marking  out  of  their  original  directions,  though  tbe 
softness  and  friability  of  the  rock  materials  would  prevent  any  direct 
tnices  being  found  now. 

An  excellent  n»onograph  on  the  erupted  rocks  of  Colorado,  and  a 
catalogue  of  the  minerals  found  in  Colorado,  add  much  to  the  value 
of  the  volume ;  but  perhaps  the  most  interesting  portion  is  that 
contril)uted  by  Mr.  William  H.  Holmes,  on  the  archaK>logy  of  the 
districts  surveyed.  They  seem  even  more  extensive  than  those 
previously  described,  but  occupy  the  same  positions  as  in  other  parts 
of  the  Colorado,  that  is,  rock-sbeltei-s  and  caves,  situated  high  up  on 
the  steep  sides  of  the  valleys,  and  improved  by  the  addition  of 
masonry  into  terraces,  walls,  and  houses.  Although  the  country  is. 
generally  speaking,  dry  and  barren,  and  seems  almost  incapable  of 
supporting  a  population  so  extensive,  apparently,  as  that  which 
originally  occupied  it,  the  streams  and  springs,  near  which  the 
remains  are  exclusively  found,  are  bordered  by  grass-covered  bottoms 
and  alluvial  tracts ;  and  these,  if  perfectly  utilized,  would  afford  a 
considerable  area  of  rich  tillable  land. 

As  a  rule,  the  buildings  are  of  regular  form,  that  is  (where  the 
ground  permits),  either  in  perfect  circles  or  perfect  squares;  and  in 
the  larger  towers  the  space  between  the  outer  walls  is  divided  by 
heavy  partition-walls  into  a  number  of  apartments,  with  a  circular 
depression  or  Estufa  (or  council-house)  in  the  centre.  Quantities  of 
flint  chips,  and  fragments  of  pottery,  were  found  in  the  neighlwur- 
hood  of  the  habitations.     The  fictile  fragments  are  richly  marked, 
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in  black  or  red,  on  a  greyish  or  yellowish  ground,  with  lined  or 
geometric  patterns ;  while  in  many  C€i8es  the  clay  vessel  was  rudely 
modelled  into  the  form  of  birds. 

One  skull,  found  in  the  Ghaco  Canon,  among  ruins  situated  on 
the  alluvial  floor  of  the  valley,  is  believed  to  have  belonged  to  the 
ancient  Pueblo  Indian  race.  It  is  that  of  a  female.  The  most 
striking  feature  of  the  cranium  being  the  great  flattening  of  its 
posterior  portion,  "including  the  anterior  portion  of  the  occipital 
and  the  posterior- superior  portions  of  the  parietal  bones."  From  the 
appearance  of  the  bones  this  does  not  appear  to  have  been  a  post- 
mortem deformation. 

Numerous  pictorial  rock-inscriptions  are  either  chipped  into  the 
rock  or  painted  in  white  or  red  clay ;  but  among  the  numerous 
figures  so  depicted  are  none  that  resemble  the  horse. 

The  volume  concludes  with  a  lengthy  catalogue  of  the  Cretaceous 
and  Tertiary  plants  of  North  America.       C.  Cooper  King,  F.G.S. 

III. — Report  on  the  Geology  of  the  Henrt  Mountains.      By  G. 

K.  Gilbert.     (Washington,  1877.) 

TEN  years  previous  to  the  publication  of  this  work,  the  district 
described  therein  was  comparatively  unknown,  no  mention  being 
made  of  it  in  any  of  the  published  accounts  of  exploration  in  the 
Rocky  Mountain  region.  The  name  of  Henry  Mountains  was  given 
by  Prof.  Powell  during  his  journey  in  1869  down  the  Colorado,  on 
the  right  bank  of  which  river  they  are  situated  between  two  of  its 
tributaries,  the  Dirty  Devil  and  the  Escalante.  Although  occasion- 
ally visited,  no  regular  survey  of  these  mountains  was  made  until 
that  undertaken  in  1875-76  by  Mr.  H.  G.  Graves  and  the  author  of 
this  volume. 

The  Henry  Mountains  do  not  form  a  continuous  range,  but  con- 
sist of  a  series  of  five  isolated  mountains  (described  in  chapter  ii.) 
rising  from  the  plain  below  to  heights  varying  from  1500  to  5000 
feet ;  the  general  elevation  averages  about  11,000  feet  above  the  sea- 
level.  They  consist  of  Cretaceous,  Jura-Trias,  and  Carboniferous 
strata,  with  associated  intrusive  masses  and  veins  of  trachyte.  It  is 
to  the  manner  in  which  the  trachyte  has  intruded  into,  and  affected 
the  sedimentary  strata,  that  the  peculiar  physiognomy  of  their  present 
appearance  is  primarily  due,  and  which  is  fully  described  in  the 
chapter  on  "  The  Laccolite."  According  to  the  author  the  trachytio 
lava,  "  instead  of  rising  through  all  the  beds  of  the  earth's  crust, 
stoppe<l  at  a  lower  horizon,  insinuated  itself  between  two  strata,  and 
opened  for  itself  a  chamber  by  lifting  all  the  superior  beds.  In  this 
chamber  it  congealed,  forming  a  massive  body  of  trap."  For  this 
body  the  name  laccolite  Q^jOLKKo^t  ctatern,  ludo^,  stone)  has  been  used. 

The  dome-shaped  elevation  of  the  original  horizontal  strata,  by  the 
injection  from  below  of  a  mass  of  molten  matter,  has  produced  the 
type  of  structure  exemplified  in  the  Henry  Mountains,  modified  of 
course  as  to  the  surface  features  by  the  various  subaerial  agencies 
which  have  acted  since  their  upheaval,  the  effects  of  which  agencies 
Mr.  Gilbert  has  clearly  treated  under  the  head  of  Land  Sculpture. 
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llie  work  will  form  a  useful  acMition  to  our  knowledge  of  thai 
portiou  of  the  Colorado  plateau,  containing  as  it  does  suggestive 
remarks  and  deductions  possessing  much  novelty  as  to  the  origin 
and  combination  of  the  causes  which  have  influenced  the  land 
sculpture  of  the  district,  so  fully  illustrated  m  the  numerous  wood- 
cuts and  maps  which  accompany  the  volume.  J.  M. 


The  Oeologioal  Socibtt  of  Francs. 

I^HE  Geological  Society  of  France  held  their  annual  meeting  at 
Boulogne  during  the  past  month,  extending  from  the  9th  to  tbe 
18th  of  September.  Prof.  Prestwich,  M.A.,  F.R.S.,  was  elected 
President  of  the  meeting.  The  pn)gramme  for  the  ten  days  com- 
prised a  series  of  interesting  and  well-arranged  excursions,  in  which 
all  the  important  points  in  the  geology  of  the  Boulonnais  were  fully 
explored,  including  the  examination  of  the  Devonian,  Carboniferous, 
Jurassic,  Cretaceous,  and  Tertiary  strata. 

To  render  these  daily  excursions  more  instructive,  the  printed 
programme  was  accompanied  by  four  descriptive  sections:  1, 
showing  the  sequence  of  the  Palseozoic  rocks  from  Blecquenecques 
to  Caffiers ;  2,  the  cliff  section  from  Alpreck  to  Wimereux ;  3,  the 
^liddle  and  Upper  Jurassics  as  exposed  in  the  coast  section  from 
Echingen  to  la  Creche ;  4,  the  Cretaceous  series  as  shown  along  the 
cliffs  from  Wissant  to  Sangatte,  with  the  overlying  Quaternary 
deposit  at  the  latter  place.  Prof.  Prestwich  read  a  j.>a|>er  on  the 
Sangatte  Cliff,  in  which  he  brought  before  the  meeting  the  views 
ho  advanced  in  his  paper  recently  read  at  Swansea.  The  meeting 
was  well  attended,  and  the  members  were  hospitably  entertained  by 
the  municipality,  etc.  Among  those  present  were,  MM.  I^apparent, 
Sauvage,  Gosselet,  Yaillant,  Pellat,  Rutot,  Van  der  Broeck,  Cornet, 
Briart,  Donville,  and  Rigaux. 

It  is  fort^'-one  years  since  the  Society  held  their  last  meeting  at 
Boulogne,  when  Dr.  Fitton  was  the  President  J.  M. 


COiei^ESI=>02iq-IDE2iq-CE. 


THE    GLUTTON    IN    BRITAIN. 

Sir, — The  following  statement  occurs  in  the  second  paragraph  of 

^  Mr.  Newton's  "  Notes  on  the  Vertebrata  of  the  Pre- Glacial  Forest 

Bed  Series  of  the  East  of  England  "  (Geol.  Mao.,  No.  195,  p.  424, 

Sept.  1880) : — "The  occurrence  of  the  Glutton  in  Britain  was  first 

intimated  by  MM.  Boyd  Dawkins  and  Sanford  in  the  year  180G." 

There  was,  however,  an  earlier  intimation  of  a  British  Glutton. 
The  late  Mr.  J.  C.  Bellamy,  surgeon,  in  his  **  Natural  History  of 
South  Devon,"  published  in  1839,  gives  a  description  of  i\\Q  well- 
known  cavern  at  Yealm  Bridge,  about  seven  miles  E.S.E.  of 
Plymouth,  which  he  had  investigated  with  considerable  care,  and 
mentions  the  Glutton  amongst  the  i*arer  animals  i*epresented  by  the 
remains  found  there  (see  pp.  89,  94,  and  102 ;  see  also  Trans. 
Devon  Assoc,  vol.  \v.  pp.  ^ft,  lO'iiV  ^ifcw.^ii3<<iwjLY. 

Torquay,  16tA  Sepitwh^r^  l%ftO. 
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I. — Contributions  to  the  Palaontoloqt  of  the  Toreshire 

Oolites.' 

Pabt  IV. 
By  Wilfrid  H.  Hudleoton,  M.A.,  F.G.8.,  V.P.G.A. 

(PLATE  XVI.) 
Group  allied  to  Cerithium  LiHiEFORHE,  Hoem.;  1836. 

Plate  XVL  Figs.  1-3. 

Cerithium  limaformey  Boem.,  Ool.  6eb.,  tab.  xi.  fig.  19,  p.  142. 

Bibliography,  etc. — This  is  just  one  of  those  cases  where  it  is  so 
difficult  to  choose  between  accepting  names  for  forms  which,  though 
allied,  are  distinct,  or  simply  lumping  all  the  forms  together  under  one 
upecific  designation,  which  does  not  exactly  fit  any  of  them.  Objec- 
tions more  or  less  valid  may  be  urged  against  either  course,  and  some 
might  be  disposed  to  cut  the  Gordian  knot  by  making  new  species 
all  round.  Buvignier  went  very  closely  into  the  varieties  of  the 
Corallian  Cerithia,  He  points  out  that  the  true  C.  UmcBforme  of 
Koemer  occurs  rather  higher  than  the  Coral  Rag,  viz.  in  the  *•  cal- 
caire  h  astartes,"  to  which  it  is  restricted.  It  is  characterized  by 
three  rows  of  transverse  granulations,  just  as  shown  in  Koemer's 
enlarged  figure,  though  at  times  a  fourth  or  even  a  fifth  very  faint 
one  is  developed.  It  is  difficult  to  say  of  what  value  these  refine- 
ments may  be,  but  certainly  C,  limaformef  as  thus  restricted,  cannot 
be  exactly  identified  in  the  Corallian  of  Yorkshire,  where  its  place 
18  occupied  by  forms  slightly  different,  though  in  our  collections  they 
have  been  generally  lumped  together  under  the  heading  C.  lima' 
fwme^  Boomer. 

In  North  Germany,  Brauns  is  disposed  to  take  the  same  view', 
and  he.  regards  Buvignier's  Coral  Hag  species,  C.  grandineum  and 
probably  C.  JTum^er/inum,  as  identical  with  Roemer's  species.  Never- 
theless it  is  curious  that  forms  something  very  like  these,  though  not 
exactly,  do  occur  in  our  Coral  Bag.  The  three  following  have  been 
selected  for  illustration,  and  correlated  approximately. 

19. — Cerithium  near  to  limjeforme,  Boem.,  as  restricted  by  Buvignier. 

PL  XVL  Figs,  la,  b,  c. 
Cerithium  limaforme,  Boem.,  BoTignier,  Stat.  Greol.  de  la  MeiiBe,p.  41,  pl.iv.  fig.  3. 
De$cription. — Specimen  ifrom  the  Coralline  Oolite  of  Ness  (my 
Collection). 

Length 11  millimetres. 

Width 3 

Spiral  angle     Convex. 

*  Continued  from  the  September  KnmW ,  ^.  \^. 

DECADE  n.^^YOL.  TU.^KO.  XI.  ^\ 


482  JT.  H.  Eudlaton—The  Yorkshire  Oolite. 

Shell  narrow,  Bubtarrite<l.  Spiral  angle  moderately  oonyex,  impart- 
ing  H  slightly  pupoid  character.  Whorls  about  eleven  in  number, 
ornamented  with  close  roundish  granulations,  which  result  from  the 
decussation  of  the  spiral  with  the  transverse  ribbing,  the  inteirening 
meuh  being  almost  square.  On  the  flank  of  the  last  and  penultimate 
whorls  the  transverse  costs  are  four  in  number  (see  Fig.  le, 
which  represents  an  enlargement  of  the  penultimate  wborl).  In  the 
two  preceding  whorls, the  fourth  row  is  fainter  than  the  otliers.  In 
the  remaining  whorls  no  more  than  three  costae  are  visible.  The 
whorls  are  well  separated,  the  suture  being  tolerably  deep  and  wide 
for  a  shell  of  this  class.     Aperture  involved  in  matrix. 

lielations  and  Distribution. — This  shell  seems  to  be  intermediate 
between  the  older  C.  quadrieinctum^  Qoldt,  and  the  regular  C,  /tntf- 
forme^  Roem.,  which,  according  to  Buvignier,  should  occur  above  the 
Coral  Hag.  The  form  under  description,  but  with  variations,  is 
pretty  common  in  the  Coral  Rag  of  the  Scarborough  district  (Seamer, 
Ayton,  Brompton),  but  is  comparatively  rare  in  the  Coralline  Oolite 
of  Yorkshire. 

20. — Cerithium,  near  to  grandikkum,  Buvignier,  1852.    Plate  XYL 

Figs.  2a,  h,  e. 

Crithium  grandineumy  Buy.,  1852,  Statis.  G^l.  de  la  Mease,  p.  40,  pi.  ir.  fig.  2. 

Buvignier's  description  and  enlarged  figures  are  satisfactory.  The 
points  wherein  the  species  differs  from  the  restricted  C  Umaform^ 
are  obvious.  Buvignier*s  description  of  C.  grandineum  tallies  better 
with  our  shell  than  does  his  figure. 

Description. — Specimen  from  the  Coral   Rag  of  the  Scarborough 

district  (Leckenby  Collection). 

lienjrth 14  millimetres. 

Greatest  widtli 4'5   ,, 

Spiral  angle Convex. 

Shell  elongated,  slightly  turrited ;  spire  tolerably  sharp.  Whorls 
about  thirteen  in  number ;  rather  flat,  richly  ornamented,  and 
increasing  at  first  under  an  angle  of  23°  (?),  but  becoming  closer 
afterwards.  The  whorls  are  crowded  together  with  very  little  space 
for  tho  sutures.  The  ornaments  consist  of  an  interlacing  network  of 
granulated  ribbing,  which  is  arranged  so  closely  as  to  produce 
a  characteristic  appearance,  llie  longitudinal  costse  incline  but 
slightly  from  the  axis  of  the  spire  ;  these  decussate  with  transverse 
granulated  costsB  six  in  number,  of  nearly  the  same  degree  of 
prominence  (Fig.  2c).  The  nodes  at  the  intersections  are  not  spiny, 
but  are  drawn  out  in  the  direction  of  the  transverse  ribbing,  which 
alone  is  continued  in  the  base  of  the  shell.  Aperture  concealed  in 
matrix. 

Relations  and  Distrihvtion, — If  Buvignier's  figure  is  coiTectly 
enlarged,  the  granulations  in  his  specimen  are  much  finer  than  in 
the  Yorkshire  shell ;  in  other  respects  there  is  a  considerable  simi- 
larity. In  Yorkshire  this  species,  or  variety,  does  not  seem  to  be 
common,  though  there  aio  s^^ecimens  in  the  Coral  Rag  of  Ayton,  etc., 
wiiioh  approach  it. 
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21. — Ckbithitjm,  near  to  Humbrbtinum,  Buvignier,   1852.     Plate 

XVI.  Figs.  3a,  h,  c. 

Cerithium  Humbertinum^  Buy.,  1852,  Statis.  660I.  de  la  Meuse,  p.  41,  pi.  zxviii. 

fig.  3. 

Description. — Specimen  from  the  Coral  Rag  of  Brompton  (Strick- 
land Collection). 

Length 10 '5  millimetres. 

Wi£h     4-6    „ 

Spiral  angle   Convex. 

Shell  short,  pupoid,  and  rather  stout  The  state  of  preservation 
is  unfavourable  for  accurate  description  of  the  spire.  The  whorls 
are  probably  nine  or  ten  in  number,  and  seem  rather  closely  set 
The  ornament  consists  of  a  line  network  of  granulations,  the  number 
of  transverse  rows  being  apparently  five,  of  which  one  is  fainter 
than  the  others  (see  Fig.  he).  The  nodes  are  not  round  as  in 
Figure  1  c,  but  are  drawn  out  transversely.  The  pillar  at  the  base 
of  the  shell  is  just  visible,  but  the  aperture  is  indistinct. 

Relations  and  Distribution. — Whatever  may  be  thought  of  the 
correlation  with  Buvignier^s  species,  the  dimensious  of  this  shell 
clearly  separate  it  from  the  more  ordinary  forms  of  the  limaforme' 
group.  It  is  rare,  and  the  specimen  figured  is  the  best  known  to 
me,  but  I  have  seen  indications  in  the  Ayton-Brompton  Coral  Rag 
of  a  short  pupoid  Cerithium,  and  once  had  an  excellent  specimen, 
which  unfortunately  was  lost.  I  have  a  somewhat  similar  shell 
from  the  Coral  Rag  of  Faringdon. 

N.B. — The  enlarged  Figure  36  is  a  restoration.  In  Figure  16  only 
four  transverse  costaa  should  appear  on  the  flank  of  the  whorl,  the 
remaining  granulations  are  on  the  base. 

22. — Cerithium  bicinctum,  sp.n.     Plate  XVI.  Figs.  4a,  h. 

Description, — Specimen  from  the  Coral  Rag,  probably  of  Langton 
"Wold  (Leckenby  Collection). 

Length 20  millimetres. 

Width    6-5     „ 

Spiral  angle 16°. 

Shell  elongated,  conical,  slightly  turrited,  sharply  pointed.  Spire 
consists  of  eighteen  whorls,  which  increase  under  a  regular  angle 
of  16®.  They  are  nearly  flat,  and  but  slightly  separated  by  the 
suture.  The  oma^nents,  though  faintly  sculptured,  are  sufficiently 
characteristic  and  become  somewhat  more  pronounced  in  the 
anterior  whorls.  On  the  upper  edge  of  each  whorl  is  an  irregular 
circle  of  faint  granulations  rather  wide  apart :  below  this  the  whorl 
is  faintly  ribbed  spirally,  and  at  wide  intervals :  towards  the  base, 
extending  over  about  one-third  of  the  height  of  the  whorl,  are  two 
granulated  lines.  All  these  ornaments  have  about  the  same  degree 
of  prominence,  the  result  being  a  delicately  marked  and  very  elegant 
shell,  llie  base  of  the  last  whorl  exhibits  very  fine  regular  trans- 
verse lines,  which  decussate  with  more  wavy  and  irregular  lines  of 
growth.  The  aperture  is  somewhat  imperfect,  but  is  probably  sub- 
quadrate  with  a  short  canal. 

Relations  and  Distribution. — This  species  is  sufficiently  near  to 
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C.  Michaelenae,  Bav.  (Statis.  Geol.  de  la  Meuse,  p.  41,  pi.  xxvil 
fig.  30),  a  shell  stated  to  be  rare  in  the  White  Oolite  of  the  Coral 
Bag  of  St.  Michel.  The  specimen  now  figured  and  described  is 
unique,  unless  indeed  a  small  specimen  found  in  the  Coral  Bag  of 
Sproxton,  and  referred  to  C,  Michaelensey  belong  to  the  same  speciea. 

23. — CsBiTHmM  GRADATUM,  sp.n.     Plate  XVI.  Figs.  5a,  6,  e. 

Description. — Specimen  from  the  Corallian  of  Yorkshire  (Col- 
lection of  the  Yorkshire  Philosophical  Society). 

Loiuifth 16  millim^treB. 

Width    6         „ 

Spiral  angle,  convex,  average     18". 

Shell  but  slightly  elongated,  strongly  turrited.  Spire  consists  of 
about  eleven  or  twelve  whorls,  which  are  arranged  in  steps,  impart- 
ing a  character  to  the  shell  suggestive  of  the  name :  they  are  with- 
out visible  ornament.  The  upper  half  of  each  whorl  is  prominent, 
whilst  the  lower  half  presents  a  flat  and  shallow  depression,  which 
serves  to  accentuate  the  step-like  character  of  each  whorl.  The 
aperture  is  subquadrate. 

Relations  and  Distribution. — Except  as  regards  size  this  shell  has 
a  considerable  resemblance  to  a  large  species  named  by  Buvignier 
(op.  cit.  p.  41,  pi.  xxvii.  figs.  13  and  14)  C.  Verdunense,  from  the 
Upper  Coral  Rag  of  Verdun.  In  the  "Corallian  Hocks  of  England" 
a  similar  fossil  from  the  Coralline  Oolite  of  Ness  was  so  referred, 
but  the  alternative  name  gradatum  was  suggested.'     It  is  rare. 

24. — Ceritiiium  inornatum,  Buvignier,  1852.     Plate  XYI. 

Figs.  Qa,  6c. 

Cerithiwn  inornatum.  Buy.,  1852,  Statis.  Geol.  de  la  Meusc,  p.  41,  plate  xxvii. 

fip.  17  and  18. 

Bibliography,  etc. — Buvignier*s  species  does  not  seem  to  have  been 
noted  elsewhere  on  the  Continent  under  that  name,  though  perhaps 
C.  antissiodorense,  Cotteau,  is  not  so  very  unlike  (see  L.  &  P.,  £t. 
8upr.  Jurass.  p.  70,  pi.  vii.  fig.  14).  The  Yorkshire  shell  has  pro- 
babl}'^  been  regarded  as  a  Eulima,  and  it  is  just  possible  that  the 
Chein.  (Terebra)  melanioides,  Phillips  (G.  Y.  pi.  iv.  fig.  13),  may  have 
been  intended  for  it. 

Buvignier  himself  seems  to  have  had  some  doubt  as  to  the  generic 
classification  of  his  shell,  since  the  aperture  was  not  completely 
entire.  Though  not  shown  in  his  figure,  he  observes  "  on  voit  des 
traces  de  stries  transverses." 

Description. —  Figs.  6  a,  b.      Specimen   from   the   Coral   Rag  of 

Seamer  (Strickland  Collection). 

I^n^h  restored 33  millimetres. 

Width     8  „ 

Spiral  angle 14®. 

Shell  elongated,  conical,  scarcely  turrited.  Spire  consists  of  about 
thirteen  very  flat  whorls,  which  increase  under  a  regular  angle  of 
14^.  These  whorls  succeed  each  other  like  so  many  straps,  the  re- 
gularity of  increase  being  very  remarkable.  In  this  specimen,  which 
is  well  preserved  in  calcite,  the  whorls  are  slightly  bevelled  oflf  at 

^  Quart.  Joum.  Geol.  Soc.  vol.  xxxiii.  p.  394. 
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base,  80  as  to  accentuate  the  suture,  but  in  the  majority  of  cases 
B  feature  is  less  obvious. 

rhough  apparently  without  ornament,  closer  examination  reveals 
ery  fine  transverse  striation  (Fig.  66),  which  varies  according  to 
I  accidents  of  preservation.  In  this  specimen  it  is  seen  only  on 
I  lower  whorls,  but  in  some  specimens  may  be  observed  to  extend 
ich  further  up  the  spire.  Aperture  involved  in  matrix. 
Fig.  6c.  Another  specimen  from  the  Coral  Rag  of  Brompton  (my 
Llection). 

The  dimensions  are  proportionate  to  those  of  the  preceding  speci- 
>n,  but  the  sutures  are  much  less  deep  owing  to  wear,  and  all  traces 

the  fine  striation  are  lost.  The  Centhium-like  character  of  the 
3rture  is  well  shown.  In  this  condition  the  shell  is  very  com- 
m  in  the  Coral  Rag  of  Brompton. 

Relations  and  Distribution. — ^The  very  plainness  of  this  shell  is 
ftinst  instituting  a  comparison  with  others.  The  Yorkshire  shell 
very  abundant  in  the  Coral  Rag  of  the  Scarborough  district,  which 
dudes  Seamer,  Ayton,  and  Brompton,  but  not  at  all  common  else- 
tere.  It  is  just  possible  that  there  may  be  two  species  of  unoma- 
iuted  Cerithia  in  these  beds. 

Genus  Nekinjba,  Defrance,  1825. 

Phere  are  few  genera  so  difficult  to  arrange  and  describe  satisfac- 
ily  as  the  Nerinasas  of  the  Yorkshire  Corallian  beds.  In  some 
^asure  this  is  owing  to  the  rolled  and  fragmentary  condition  of  the 
^lls  and  also  to  a  sort  of  action  which  seems  to  have  absorbed 
i  destroyed  the  ornamentation.  In  the  second  edition  (1835)  of 
illips's  Geology  of  Yorkshire,  there  is  no  mention  of  any  example 
m  the  Corallian  beds ;  and  in  the  third  edition  (1875)  only  two 
3cies  are  quoted  in  the  table  at  page  258. 

There  is  great  poverty  in  this  respect  in  some  of  our  museums  and 
vate  collections ;  and  yet  the  genus,  as  regards  numbers  of  in- 
'iduals,  if  not  of  species,  is  well  represented  throughout  the  cal- 
'eous  beds  of  the  Corallian  series.  Even  the  Lower  Limestones, 
poor  in  Gasteropoda,  contain  narrow,  cylindrical  species,  having  an 
iline  similar  to  N.  Hcemeri;  and  when  we  come  to  the  Upper 
nestones  we  find  Nerinseas  very  numerous,  especially  in  the 
ralline  Oolite,  but  they  are  difficult  to  extract,  so  as  to  show  any 
tracter. 

Huch  caution  is  required  in  attempting  to  name  or  describe  frag- 
nts  belonging  to  this  genus ;  for  we  must  bear  in  mind,  as 
vignier  has  well  pointed  out,  that  the  spiral  angle  often  differs 
isiderably  in  the  same  species.  In  some  the  exterior  form  under- 
»8  modifications  with  age  ;  so  also  it  is  with  the  form  and  dispo- 
on  of  the  interior  folds,  which  even  vary  in  number.  For  this 
son  detached  portions  really  belonging  to  the  same  species  may 
eive  different  names,  and  this  danger  is  especially  to  be  guarded 
inst  in  our  beds,  where  entire  shells,  showing  ornaments,  are  so 
ficnlt  to  procure.  In  addition  to  the  forms  which  I  have  selected 
figuring,  there  are  one  or  two  others  which  cannot  be  referred  to 


486  W.  H.  Hudkston—The  Yorkshire  Oolite. 

any  of  the  undermentioned  species,  thus  raising  the  total  numher  to 
about  eight  or  nine. 

Besides  the  more  common  narrow  and  cylindrical  forms,  there 
occurs  in  the  Coral  Bag  of  certain  localities  a  very  curious  group 
already  noticed  by  D*Orbigny  as  not  uncommon  in  the  Ck)rallian  of 
the  £a8t  of  France.  This  group,  he  observes,  oonstitutes  a  sort  of 
passage  between  the  Nerina3a8  and  the  Actsdons,  having  the  outward 
form  of  the  latter,  but  the  internal  structure  of  the  former.  The 
occurrence  of  this  group  in  Yorkshire  was  first  indicated  by  publica- 
tion in  the  **  Corallian  Bocks  of  England."  ^  It  is  just  possible  that 
the  three  species  now  figured  and  described  pass  into  each  other  hy 
various  gradations. 

25. — NEBiNiEA  FusiFOBMis,  D'Orbigny,  1847.   Plate  XVI.  Figs.  7a,  h, 

Nerinaa  futiformity  D'Orbigny,  1847,  Prod,  de  PaL  Strat.  toI.  iL  p.  6. 

Idem,  1850,  Terr.  Jorass.  vol.  ii.  p.  101,  pi.  267,  figs.  3-5. 

Bibliography f  etc,  —  This  species,  originally  discovered  by  M. 
Cotteau  in  the  Department  of  the  Yonne,  is  not  generally  quoted  by 
continental  palaeontologists.  It  does  not  appear,  for  instance,  in  the 
very  full  list  given  by  Buvignier  of  species  found  in  the  Coral  Rag 
of  the  Meuse  (op.  eit  p.  54).  Brauns  does  not  find  it  in  North 
Germany,  and  as  he  does  not  quote  it  as  a  synonym  of  the  next 
species,  we  may  presume  that  the  form  has  not  been  observed. 
Neither  tbis  nor  any  of  the  group  appear  in  De  Loriol  and  Pellat's 
work  on  the  Upper  Jurassic  rocks  of  Boulogne. 

Description, — Specimen  from  the  Corallian  of  Yorkshire  (Leek- 

enby  Collection). 

Len^h 66  millimetres. 

Width    16      „ 

length  of  last  whorl  to  entire  shell    39  :  100. 

Spiral  angle,  average    21*. 

D'Orbigny's  description  fits  this  shell  so  well  that  I  cannot  do 
better  than  transcribe  it. 

"  Shell  elongated,  fusiform,  not  umbilicated.  Spire  formed  of  a 
convex  angle  composed  of  whorls  almost  flat  or  slightly  convex, 
smooth,  or  merely  marked  with  some  lines  of  growth.  The  last  whorl, 
which  is  very  large,  is  convex  in  front  without  angles  or  keels. 
Aperture  elongated,  compressed  ;  furnished  with  three  simple  folds : 
one  on  the  lip,  two  on  the  columella,  all  scarcely  marked." 

Relations  and  Distribution. — If  we  may  accept  the  silence  of  most 
palajontologists  as  conclusive,  this  particular  form  has,  on  the  Conti- 
nent, been  noted  only  in  tlie  Corallian  of  the  Yonne.  A  variety 
somewhat  intermediate  between  this  and  the  species  next  described 
is  very  abundant  in  the  Coral  Rag  of  Brompton  (see  PI.  XVL  Figs. 
10  and  11),  where  such  rolled  and  fragmentary  specimens  may  often 
be  picked  up,  though  on  the  whole  the  Brompton  shell  has,  perhaps, 
more  aflSnities  with  N.  Moreana,  Casts  of  this  or  of  an  allied 
species  occur  at  Upware  in  the  Coral  Rag. 

»  Q.  J.  G.  S.  vol.  xxxiii.  p.  328. 
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26.— Nerinjea  More  an  a.  D'Orbigny,  1841.     PL  XVI.  Figs.  8a,  b. 

Kerituga  Moreana,  D'Orbigny,  1841,  Reyae  Zool.  p.  ^19. 

Idem,  1850,  Terr.  Jurass.  yoI.  ii.  p.  100,  pi.  257,  figs.  1  and  2. 

NertHoa  Clynunty  D*Orb.,  op,  eit.p.  102,  pi.  258,  figs.  1  and  2. 
NertM^a  Moreana^  D*Orb.,  1852,  Burignier,  Status.  G6ol.  de  la  Meuse,  p.  35. 
Nerinaa  tornatella,  Buy.,  op.  cU,  pi.  xxiv.  figs.  10-13. 

Bibliography,  etc — This  fine  and  highly  characteristic  species  seems 
early  to  have  attracted  the  attention  of  D'Orbigny,  who  received 
specimens  from  many  parts  of  the  Corallian  of  the  East  of  France. 
His  figure  portrays  a  specimen  of  unapproachable  excellence. 
Buvignier's  figures  are  more  like  our  Yorkshire  shell.  His  fig.  11, 
for  instance,  is  very  like  the  specimen  here  figured,  and  in  his  fig.  13, 
we  at  once  recognize  the  peculiar  smoothed  and  rolled  forms  so 
frequent  in  the  Coral  Rag  of  Brompton  and  Huston.  It  is  quite 
possible  that  Buvignier  was  justified  in  regarding  N,  Clymene, 
D'Orb.,  as  a  rolled  and  worn  condition  of  the  above.  The  name 
tornateUa,  given  by  him  in  1850,  would  have  been  more  satisfactory. 
Description, — Specimen  from  the  Coral  Hag  of  North  Grimston 
(Strickland  Collection). 

Length  (restored) 92  millimetres. 

Width 23      „ 

Length  of  last  whorl  to  entire  shell    45  :  100. 

Spijn&l  angle,  average   P  25^. 

Shell  elongated,  bottle-shaped,  subturrited,  umbilicated.  Probable 
number  of  whorls  twelve.  These  increase  with  tolerable  regularity 
under  an  angle  of  about  25^^.  The  posterior  whorls  are  smooth, 
convex,  and  devoid  of  ornament.  The  two  whorls  posterior  to  the 
penultimate  develope  a  varix,  which  in  the  penultimate  becomes 
stronger.  Finally,  the  body-whorl  exhibits  a  large  and  sudden 
increase,  which  is  like  the  reinforcement  in  the  breach  of  a  cannon. 
These  last  two  whorls  are  subangular.  The  varices,  especially  the 
upper  varix  of  the  body-whorl,  appear  to  have  supported  nodular 
prominences,  which  have  been  reduced  by  wear.  Shell  substance 
thick.  Umbilicus  narrow,  but  probably  deep.  Aperture  greatly 
elongated.  Outer  lip  curved,  and  only  moderately  compressed.  The 
folds  on  the  columella  are  well  seen. 

Relations  and  Distribution. — The  most  unlike  a  Nerincea  of  the 
whole  group,  which  seems  to  be  in  a  great  measure  Corallian,  is 
a  shell  originally  described  by  D'Orbigny  as  an  Actceon.  From  this 
extraordinary  form  to  the  more  elegant  N.  fusiformis  there  seem  to 
be  certain  gradations,  of  which  N.  Moreana  may  be  taken  as  a  sort 
of  average,  accepting  Buvignier's  figuring  rather  than  D'Orbigny's 
for  the  type.  In  Yorkshire  Sir  Charles  Strickland's  specimen  is  by 
far  the  finest  known  to  me.  In  the  Coral  Hag  of  Brompton  and 
Ay  ton  the  general  run  of  specimens  is  narrower,  and,  if  possible, 
more  bottle-shaped  from  the  sudden  reinforcement  of  the  body- 
whorl.  Between  this  variety  and  Nerincea  fusiformis  there  seems  to 
be  every  stage,  so  that  when  the  specimens  are  fragmentary  it  is 
difficult  to  come  to  a  decision.  The  majority,  however,  show  con- 
siderable traces  of  an  umbilicus,  whereas  we  have  seen  that  N.  fusi- 
formis is  not  umbilicated. 
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Buvignier*s  specimens  are  from  the  Coral  Rag  of  St.  Michel, 
whereas  Brauns  quotes  it  as  rare  in  his  Middle  Kimmeridge  (Ptero- 
ceras  schiohten),  all  of  which  is  helow  the  Yirgalian,  or  real  Kim- 
meridge Clay  of  this  country.  In  Yorkshire  the  principal  localities 
have  been  already  indicated.  It  is  local,  and  only  occurs  in  tlie 
Coral  Bag.  llie  group  has  never  been  noted  elsewhere  in  England, 
except  in  the  Upper  Corallian  at  Osmington,  wher6  a  specimen  waa 
found  by  me  in  1875,  which  is  of  so  singular  a  form  as  to  be  almost 
worthy  of  being  ranked  as  a  separate  species. 

27.— NsRiNiEA,  sp.     Plate  XVI.  Figs.  9a,  h. 

This  peculiar  form  has  externally  but  little  of  the  aspect  of  a 
Nerintta,  and  it  is  only  by  making  a  section  that  we  obtain  proofs  in 
the  absence  of  the  aperture.  The  spiral  angle  would  seem  to  be 
about  14:^  and  the  whorls  are  very  unequal  in  height  We  perceive 
from  the  section  (Fig.  dh)  that  the  shell  was  thick  and  probably  um- 
bilicated.  Tlie  disposition  of  the  interior  folds  is  variable.  A 
single  specimen  found  in  the  Bag  Pit  at  Brompton  (my  Collection). 

EXPLANATION  OF  PLATE  XVI. 

Figs.  1-3.     Group  allied  to  Ctrithium  limaforme^  Roeiner. 

Fio.    la.      Ceritkium  near  to  limafmnie^  RcBm.      CoraUine  Oolite  of  Xeas.    Hj 
Collection.    Natural  size. 
„       \b.      The  same  enlarged. 
„      Ir.      The  same,  whon  considerably  enlarged. 
,,      2a.      Cerithiwn  near  to  grandineutHj  Buvig.    Coral  Rag  of  Ayton.    Leckenby 

Collection.     Natural  size. 
,,      2b,      The  same  enlarged. 
„      2e,      The  same,  whon  considerably  enlarged. 
yt      3a.      Cerithium  near  to  Jfumberlinuutj   Buvig.     Coral   Rag  of    Brompton. 

Strickland  Collection.    Natural  size. 
, ,      3^.      The  same  enlarged  and  restored. 
„       3^.      The  same,  whorl  considerably  enlarged. 

,j      4a.      C.  bieinetumy  sp.n.      Coral  Rag  of  the  Ilowardians.    Leckenby  Collec- 
tion.   Natural  size. 
„      ib.      The  same,  tw^o  w^horls  enlarged. 

,,      6a.      C.  ffrndatum,  B^.n.     Corallian  of  Yorkshire.    York  Museum.    Nat  size. 
,,       6b.  &  c.  Enlargements  of  the  same. 
„      6a.      C.  inornatumj   Buvig.     Coral  Rag,  Seamer.      Strickland  Collection. 

Natural  size. 
,,      6b.      The  same,  whorl  enlarged  to  show  striffi. 
,,      6c.      Another  specimen  (rolled),  back  and  front. 
,,      7a.  &b.  NeriufBa  fmiformisy   D'Orb.      Corallian  of    Yorkshire.      Leckenby 

Collection.     Back  and  front. 
„       8a.  &^.  N,  Moreanay  D'Orb.     Coral  Rag  of  North   Grimston.     Strickland 

Collection.    Back  and  front. 
„       9a.  &  b.  Xeriuteoy  species  or  variety.     Coral  Rag  of  Brompton.     My  Collec- 
tion.    A  fragment ;  back  and  front. 
,y       lO&ll  Rolled  specimens  of    N.  fttsiformis  or  MortatM*      Coral  Rag  of 
Brompton.    My  Collection. 

( To  be  eonUnued  in  our  next  Number.) 

II.  — Prk-Cambrian  Volcanos  and  Glaciers. 
By  Henry  Hicks,  M.D.,  F.G.S. 

IlHE  subject  of  the  recurrence  of  phenomena  in  geological  time, 
80  prominently  brought  forward  by  Prof.  Ramsay  in  his  recent 
address  as  President  of  the  British  Association,  is  one  which  cannot 
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fail  to  be  of  interest  to  the  geologist,  as  it  constantly  presents  itself 
to  him  in  all  his  inquiries.  There  are  also  doubtless  many  who 
are  prepared  to  go  with  Prof.  Ramsay  to  the  length  of  his  conclu- 
sions, and  who  believe  "  that  from  the  Laurentian  epoch  down  to 
the  present  day,  all  the  physical  events  in  the  history  of  the  earth 
have  varied  neither  in  kind  nor  in  intensity  from  those  which  we 
now  have  experienced;"  whilst  others  will  be  inclined  to  believe 
that  though  generally  they  have  resembled  one  another  in  kind,  yet 
that  some  have  varied  greatly  in  their  intensity.  Most  of  the 
evidence,  hitherto  accessible  to  us,  seems  to  me  to  favour  the  latter 
view  rather  than  the  former,  especially  that  obtained  from  researches 
amongst  the  older  groups  of  rocks.  That  volcanic  action  was  more 
general  and  probably  more  intense  in  early  geological  time,  and  that 
glacial  phenomena  were  less  marked  at  that  period  than  in  more 
recent  ones  would  accord,  I  think,  best  with  our  present  state  of 
knowledge.  Volcanic  action  was  undoubtedly  prevalent  during  the 
earliest  epochs  of  which  we  have  any  knowledge,  and  in  former 
papers  I  have  given  evidence  to  show  that  it  prevailed  in  Dimetian, 
Arvonian,  and  Pebidian  times.  Prof.  Ramsay,  however,  at  p.  7  of 
his  address,  says  that  "  the  oldest  volcanic  products "  of  which  he 
had  any  personal  knowledge  are  of  "  Lower  Silurian  Age." 

In  a  paper  published  in  the  Quart.  Joum.  G^ol.  Sop.  for  May,  1878,^ 
"  On  the  Dimetian  and  Pebidian  Rocks  of  Pembrokeshire,"  I  stated 
**  that  a  very  large  proportion  at  least  of  the  Pebidian  rocks  must 
have  had  a  volcanic  origin.  As,  however,  they  were  at  first  sub- 
aerial,  and  afterwards  submarine  accumulations,  it  is  evident  that 
they  must  also  be  partly  detrital.  The  lowest  rocks  are  the  agglo- 
merates, and  in  these  I  think  we  have  clear  evidence  of  proximity 
to  a  subaerial  volcano  surrounded  by  the  ordinary  materials  of  a 
volcanic  cone,  the  largest  proportion  of  the  masses  being  fragments 
of  lava  which  evidently  had  cooled  under  atmospheric  influences." 
The  thickness  of  the  Pebidian  group  at  St.  Davids  cannot  be  less  than 
8000  feet,  and  as  by  far  the  greatest  proportion  of  the  materials  com- 
posing these  beds,  according  to  field,  and  also  microscopical  examina- 
tion by  Mr.  T.  Davies  and  others,  must  have  had  a  volcanic  origin, 
it  is  clear  that  it  must  have  been  a  time  of  great  volcanic  activity. 
From  some  recent  researches  it  is  evident  also  that  at  this  perii^  in 
geological  history,  volcanic  action  was  prevalent  in  many  other 
European  and  American  areas,  probably  far  more  so  than  during  any 
subsequent  period.  That  the  metamorphism  of  some  of  the  earlier  Pre- 
Cambrian  rocks  was  due  in  part  to  the  disturbances  (combined  however 
with  chemical  and  other  influences)  at  this  time  seems  also  probable, 
and  no  equal  effects  seem  to  have  been  produced  on  any  group  of  sedi- 
ments since.  Certainly  no  geologist  who  has  paid  much  attention 
of  late  to  the  researches  going  on  amongst  the  older,  or  Pre-Cambrian 
rocks,  can  believe  with  Prof.  Ramsay,  that  the  forces  as  at  present 
in  action  are  sufficient  to  induce  equal  metamorphio  changes  in 
groups  of  such  enormous  thicknesses,  and  over  such  extensive  areas, 
as  took  place  in  Pre-Cambrian  times.     That  during  some  other  epochs 

1  Tol.  xxziy.  p.  160. 
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in  PalaBozoic,  and  subsequent  times,  metamorphism  on  a  small  scale 
did  take  place  in  consequence  of  disturbances  combined  with  severe 
volcanic  action  no  one  will  doubt ;  but  the  evidence  is  not  satisfac- 
tory, to  say  the  least  of  it,  that  any  of  the  great  groops  deposited 
since  Pre-Cambrian  times  have  been  metamorphosed  under  such 
intense  influences  as  were  then  prevalent,  or  even  have  suffered  more 
than  a  partial  change,  and  that  usually  only  over  very  limited  areas. 

Evidences  showing  that  glacial  phenomena  prevailed  in  Pre- 
Cambrian  times  were  pointed  out  by  me  in  a  paper  in  the  Geological 
Magazine  in  1876,  and  there  can,  I  think,  be  little  doubt,  that 
glaciers  did  even  at  that  early  period  spread  over  some  of  the  higher 
lands. 

The  Pre-Cambrian  continent  was  doubtless  studded  not  only  with 
volcanic  mountains,  but  also  with  high  ridges  and  plateaux  in 
northern  latitudes,  and  many  portions  of  this  old  continent  are  now 
visible  from  the  latitude  of  30^  to  the  arctic  regions. 

It  could  scarcely  be  expected,  however,  that  much  evidence  would 
still  remain  after  the  numerous  changes  that  have  taken  place  over 
most  of  the  surface  of  this  old  land  since  it  commenced  to  be  depressed 
to  receive  the  Cambrian  sediments.  Tet  that  there  is  some  such 
evidence  still  in  existence  seems  to  me  clear.  The  angular  character 
of  many  of  the  masses  in  the  Cambrian  rocks  which  rest  immedi- 
ately on  the  old  land  in  the  Highlands  of  Scotland,  was  mentioned 
by  me  in  the  Geol.  Mag.  1880  (pp.  103-109;  155-166;  222-226; 
266-27 1) ;  and  I  there  refer  to  the  so-called  conglomerates  as  more 
properlj'  **  breccias.*'  I  also  stated  that  the  old  floor  on  which  they 
rest  "  remains  much  as  it  was  when  the  overlying  rocks  were 
deposited  upon  it."  More  recently  Prof.  Geikie*  has  called  attention 
to  the  same  rocks  at  the  same  place  (Gaerloch),  also  to  the  con- 
dition of  the  old  floor,  and  attributes,  as  I  had  previously  done,  in 
several  areas,  the  appearances  to  the  action  of  land  ice.  In  Wales 
also  the  Cambrian  conglomerates,  where  they  rest  on  the  old  floor, 
contain  very  large  angular  masses,  though  I  have  never  recognized 
blocks  as  large  there  as  those  in  the  angular  breccia  which  is 
presumably  of  Cambrian  age  near  Gaerloch. 

In  the  paper  in  the  Geol.  Mag.  for  1876,  p.  157,  after  referring  to 
the  physical  features  of  the  old  Pre-Cambrian  land,  I  stated  that — 
"  this  condition  of  continents  of  great  size  in  high  latitudes,  with 
elevated  plateaux  and  high  mountains,  would  lead  us  to  believe  that 
they  were  covered  with  ice  and  snow  in  their  higher  parts,  and  that 
the  plains  and  vallej's  had  therefore  much  loose  material  strewn 
over  them.  In  the  Cambrian  rocks  in  Wales  boulders  of  con- 
siderable size,  sometimes  a  foot  in  diameter,  are  often  found  in 
the  beds  of  conglomerate,  and  the  frequent  alternations  of  con- 
glomerates, grits,  and  sandstones,  seem  to  prove  that,  at  least  in 
the  earlier  epochs,  an  abundance  of  loose  material  must  have  been 
near  and  ready  at  hand  to  be  easily  denuded  off  as  each  part  became 
submerged.  Marine  action  on  the  hard  metamorphic  cliffs  alone 
could  scarcely  have  produced   so  much  sediment.     Moreover,  the 

*  Nature,  Aug.  26,  1880. 
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enormous  thiokness  found  with  scarcely  a  trace  of  any  beds  heaped 
up  by  marine  life  at  this  period,  either  in  the  American  or  European 
areas,  as  may  be  seen  by  reference  to  the  table,  show  conclusively 
that  an  additional  force  must  have  been  at  work.  In  some  places, 
also,  the  sediments  were  heaped  up  so  rapidly  that  during  a  depres- 
sion of  several  thousand  feet  the  rate  seems  only  to  have  kept  pace 
with  the  accumulations,  and  shoal  conditions  continued  to  prevail 
during  the  whole  time."  Probably  glacial  phenomena  were  re- 
stricted at  this  time  to  the  higher  lands  in  the  higher  latitudes,  but 
there  was  nothing  in  the  prevailing  climatal  conditions,  certainly 
in  later  Pre-Cambrian  times,  to  prevent  the  phenomena  being  then, 
as  now,  natural  to  certain  elevations.  The  abundance  of  life  in  the 
Cambrian  seas  is  sufficient  evidence  of  this. 

We  have,  therefore,  to  carry  the  mind  into  far  earlier  epochs  ere 
we  can  expect  to  recognize  evidences  of  very  different  conditions 
to  those  which  now  prevail.  At  present  we  know  of  no  indications 
of  life  in  the  Pebidian,  or  last  Pre-Cambrian  epoch,  but  as  most  of 
the  strata  of  that  period  are  of  volcanic  origin,  this  is  not  to  be 
much  wondered  at  Again  there  were  but  small  marine  areas  in 
the  regions  now  accessible  to  us  for  examination. 

That  glacial  phenomena  did  prevail,  therefore,  at  so  early  a  period 
seems  tolerably  clear,  and  moreover,  "  That  it  was  a  cold  epoch  is 
evident  from  the  fact  that  the  Pre-Cambrian  continents  occupied 
very  extensive  areas  in  the  higher  latitudes,  and  that  they  were 
traversed  by  mountainous  ranges,  attaining  in  some  cases  to  great 
heights.  At  no  time  since,  unless  in  the  Glacial  Period,  does  there 
seem  to  have  been  so  much  land  in  the  higher  latitudes,  and  it  is, 
therefore,  reasonable  to  suppose  that  in  the  earlier  stages,  at  least, 
of  the  epoch  (Cambrian)  the  climate  was  one  of  exti-erae  cold."  * 

The  conclusions  which  I  think  are  to  be  derived  from  the  fore- 
going are  that  volcanic  action  has  diminished  probably  even  since 
PalsBOzoic  times,  and  certainly  since  pre-Cambrian  times;  but  that 
glacial  phenomena  have  prevailed  since  at  least  later  pre-Cam- 
brian times  in  proportion  as  the  geographical  changes  have  been 
favourable  or  otherwise. 


nL — The    Mammoth    in    Siberia. 
By  Henrt  H.  Howoaxp,  F.S.A. 

IN  a  previous '  paper  we  have  considered  some  of  the  legends 
which  are  current  among  the  Nomades  of  Siberia  about  the 
Mammoth,  and  which  were  the  outcome  of  the  curious  fact  that 
whole  carcases  of  the  animal  have  been  discovered  intact  and  with 
their  soft  parts  and  external  shape  preserved.  This  fact  has  not 
only  been  fruitful  in  romance  among  the  inhabitants  of  the  Tundraa, 
and  among  those  who  are  attracted  by  strange  and  unusual  occur- 
rences among  more  civilized  people,  but  is  in  itself  the  key  to  a 
great  deal  of  difficulty  in  understanding  the  later  changes  that  have 

^  Geol.  Mao.  1876,  p.  252. 

*  The  preyious  part  oi  this  paper  appeared  in  the  Geological  Magazine  for 
September,  1880,  pp.  408-414. 
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occarred  in  the  northern  hemisphere.  So  interesting,  and  so 
valuable  is  it,  that  it  is  strange  that  not  more  has  been  written  about 
it  in  English  literature,  and  that  most  writers  who  have  treated  of 
the  latest  series  of  deposits  have  contented  themselves  with  repeat- 
ing over  and  over  again  the  famous  story  of  the  Mammoth's  carcase 
described  by  Adams,  and  have  not  gone  further  afield. 

Before  we  consider  some  of  the  problems  which  are  elucidated  by 
the  discovery  of  these  carcases,  we  have  thought  that  it  would  not 
be  ungrateful  to  the  readers  of  the  Geological  Magazine  to  collect 
together  such  notices  as  may  be  found  of  the  various  places  where 
and  occasions  on  which  the  soft  parts  of  the  great  pachyderms 
have  been  discovered,  especially  laying  under  contribution  Baer's 
famous  paper,  published  in  the  Memoirs  of  the  St.  Petersburgh 
Academy,  which,  however,  was  by  no  means  a  complete  notice,  and 
adding  to  it  a  more  casual  summary  of  the  distribution  of  the  bones 
as  found  sep€u:%te  from  the  soft  parts  in  various  localities  in  Siberia. 

Tlie  existence  of  remains  of  Mammoths  preserved  with  their  flesh 
intact  was  known  in  Europe  as  early  as  the  seventeenth  century. 
Witsen,  in  his  work,  Noord  en  Oost  Tartarye,  edition  1694,  p.  413, 
cites  the  finding  of  many  Mammoths*  teeth  in  Siberia,  and  mentions 
that  numbers  of  people  were  engaged  in  searching  for  them.  He 
also  says  that  occasionally  whole  Mammoths  were  found,  which 
were  of  a  brownish  colour,  and  emitted  a  great  stench.  Witsen  was 
not  alone.  Isbrand  Ides,  who  was  sent  as  an  envoy  from  Peter  the 
Great  to  China  in  1692 — 1695,  met  on  his  way  through  Siberia  a 
man  who  was  engaged  every  year  in  collecting  fossil  ivory,  and  wJio 
told  him  he  had  once  seen  the  head  of  a  Mammoth  projecting  from 
the  frozen  ground,  which,  with  the  help  of  some  companions,  he 
cut  off.  The  inside  of  the  head  had  decayed,  but  he  secured  the 
teeth,  which  he  says  were  placed  before  his  mouth  like  those  of  an 
elephant.  He  also  took  some  bones  out  of  its  head,  and  cut  off  a 
foot  of  the  girth  of  a  man,  of  which  he  took  a  portion  to  Trugan 
(i.e.  Turuchansk).  The  bones  of  the  head  were  somewhat  red,  as  if 
coloured  with  blood.  Isbrand  Ides  knew  these  elephants  were  found 
imbedded  in  the  frozen  banks  of  the  rivers,  and  he  reports  that  the 
Hussians  ascribed  them  to  the  Noachian  deluge,  a  view  in  which  he 
concurred  (Isbrand  Ides'  Travels,  pp.  25,  26). 

Lawrence  Lange,  who  went  as  an  envoy  to  China  in  1715,  after 
speaking  of  the  stories  of  the  Mammoth  (which  he  calls  the 
Mamant  or  Behemoth)  living  under  ground,  goes  on  to  say  that 
what  convinced  him  most  that  its  bones  were  those  of  a  beast  which 
still  existed  was  that  several  people  worthy  of  credit  had  assured 
him  they  had  seen  the  horns  (stc),  skulls  and  bodies  of  the  animal 
with  flesh  and  blood  still  remaining,  adding  that  if  it  were  thought 
necessary  it  would  be  easy  without  much  difficulty  to  collect  together 
a  perfect  skeleton  (Journal  de  Laurent  Lange,  in  Nouveaux 
Memoires  sur  Tetat  present  de  la  Grande  Russie  ou  Moscovie,  vol 
ii.  pp,  110,  111). 

Miiller,  the  author  of  the  famous  collections  on  Russian  history, 
who  wrote  in  the  first  half  of  the  last  century,  in  his  Memoir  on  the 
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Manners  and  Customs  of  tlie  Ostiaks,  reports  bow  be  bad  been  told 
by  several  people  tbat  tbey  bad  seen  tbese  animals  beyond  tbe 
Beresowa  in  tbe  caverns  in  tbe  bigb  mountains  of  tbose  districts. 
They  reported  tbem  as  eigbt  or  ten  feet  in  beigbt,  and  about  eighteen 
feet  long,  of  a  grey  colour,  witb  a  long  bead,  broad  forehead,  and 
having  a  bom  on  either  side  just  below  tbe  eyes,  which  they  could 
move  about,  and  cross  one  over  another  as  they  pleased.  It  was 
said  tbat  when  walking  they  could  stretch  themselves  considerably, 
and  could  also  shrink  into  a  small  space.  Their  legs  in  size  were 
like  tbose  of  tbe  bear.  After  criticizing  tbese  stories,  which  clearly 
point  to  their  relators  having  seen  some  Mammoth  carcases  intact, 
he  goes  on  to  discuss  the  opinion  of  tbose  who  merely  deemed  the 
bones  lustts  naturoB,  This  he  contests,  on  tbe  ground  tbat  many 
times  it  bad  been  noticed  that  the  bones  were  bloody  when  the 
roots  were  broken,  and  that  a  cavity  filled  with  clotted  blood  was 
often  to  be  seen  near  the  end  {id,  pp.  159,  160). 

Laptef,  who  travelled  along  tbe  northern  coast  of  Siberia  during 
the  reign  of  the  Empress  Anne,  1789 — 1743,  writes :  "  On  the 
banks  of  several  rivers  on  tbe  Tundra,  whole  Mammoths  witb  their 
tusks  are  dug  out  witb  thick  bides  on  them.  Their  bair  and  bodies 
are  however  rotten,  while  the  bones,  except  tbe  tusks,  are  also 
decaying."  He  describes  tbe  heads  of  the  animals  as  like  tbose  of  a 
Horse,  while  their  teeth  were  thick,  flat,  and  not  longer  than  three 
inches,  a  description  which  made  Middendorf  suppose  be  bad  seen 
the  beads  of  the  fossil  Ehinoceros,  which  are  like  tbose  of  a  Horse. 

It  is  probable  he  confused  tbe  two  animals,  of  whicb  he  had  heard 
or  seen  specimens. 

Tlie  next  notice  we  have  of  tbe  finding  of  one  of  these  preserved 
animals  refers  to  the  Rhinoceros  tichorhinua^  and  not  the  Mammoth. 
A  head  and  foot  of  the  Rhinoceros  were  taken  to  Pallas,  when  he 
was  at  Irkutsk  in  1772.  The  complete  animal  had  been  found  in 
the  preceding  December  at  Wiljui,  about  64  versts  below  Yakutsk, 
and  it  had  then  begun  to  putrefy.  The  head  and  three  feet  were 
sent  to  Irkutsk,  and  the  fourth  foot  to  Yakutsk.  One  of  the  feet  was 
destroyed  by  being  dried  too  quickly ;  the  other  remains  were  de- 
scribed in  a  famous  memoir  by  Pallas,  and  later  by  Brandt  They  are 
still  to  be  seen  in  tbe  Zoological  Museum  at  Petersburgh.  Pallas  did 
not  himself  visit  tbe  site  where  the  body  was  found,  but  was  told  by 
the  person  who  had  sent  him  the  remains  that  the  carcase  was  half 
buried  in  the  sand  a  fathom  from  the  water  of  the  river,  and  four 
fathoms  from  a  bigb  steep  bank.  It  was  covered  witb  a  thick  hide, 
over  wbicb  were  some  scattered  tufts  of  hair.  The  beast  bad  clearly 
not  been  long  where  it  was  found,  and  bad  probably  been  detached 
from  tbe  bank  in  tbe  spring  floods  of  the  years  1769  or  1770,  and 
the  sand  in  which  it  was  found  buried  was  probably  a  portion  of 
the  matrix  whicb  surrounded  him  in  his  grave.  (Pallas,  de  reliquiis 
animalium  per  Asiam  borealem,  etc.,  Nov.  Comm.  St  Peter.  Acad, 
vol.  xvii.  p.  576). 

In  1787,  Sarytschef,  who  accompanied  Billing  in  bis  well-known 
journey  tbrougb  Siberia,  was  sent  in  company  witb  Dr.  Merk  and 
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others  from  Sredne  Eolymsk  to  Yakutsk.  At  Alaseisk,  a  small 
station  on  the  river  Alaseya,  about  100  versts  down  the  river,  and  in 
its  sandy  banks,  he  was  told  there  was  the  body  of  an  animal  of  the 
size  of  an  elephant.  It  was  still  whole  and  covered  with  its  hide, 
and  here  and  there  had  long  hair  on  it.  Scuytschef  unfortunately 
did  not  visit  the  spot,  which  was  a  good  deal  out  of  his  way. 

About  the  same  time,  or  even  earlier,  a  Mammoth  covered  with 
hair  was  found  at  the  mouth  of  the  Lena,  for  when  Adams'  specimen 
was  discovered,  the  Tnngus  told  him  that  their  fathers  had  told 
them  that  one  of  their  number  had  seen  a  similar  animal,  and  had 
then  immediately  died  with  all  his  family.  The  new  discovery  he 
deemed  an  evil  omen,  and  fell  ill. 

In  1805,  when  Tilesius  was  on  his  way  to  Kamstkatka,  with 
Krusenstem*s  expedition,  he  was  told  by  Patapof,  who  was  carrying 
provisions  from  Okhotsk,  that  he  had  a  short  time  before  seen  a 
Mammoth  with  a  hairy  skin,  on  the  shore  of  the  Polar  Sea,  and  as 
evidence  he  sent  Tilesius  a  bunch  of  its  hair,  which  he  in  turn  sent 
on  to  Blumenbach.  Adams  speaks  of  another  similar  find  two 
years  before  his  own  discovery  on  the  banks  of  the  Lena  a  long  way 
from  the  sea. 

We  now  arrive  at  the  famous  Mammoth  with  which  the  name 
of  Adams  is  so  associated.  Adams  was  a  botanist,  who  was  at 
Yakutsk  in  1806,  when  he  heard  that  a  Mammoth  with  its  flesh, 
skin,  and  hair  intact,  had  been  found  on  a  peninsula  at  the  mouth  of 
the  Lena.  On  going  there  he  learnt  that  a  Tungus  chief  named 
Ossip  Schumakhof,  in  a  journey  to  the  borders  of  the  peninsula  of 
Tamut  in  1799,  saw  a  hummock  or  lumpy  hill.  In  1801  this  had 
melted  away  partially  and  disclosed  the  side  of  a  large  animal  with 
a  tusk  projecting  out.  The  following  summer  proved  a  very  cold 
one  and  the  animal  melted  very  little.  In  1803,  the  ice  between  it 
and  the  cliff  melted,  and  it  subsided  on  to  a  bank  of  sand  lower 
down.  In  March,  1804,  Schumakhof  returned  to  the  Mammoth, 
detached  its  tusks,  and  bartered  them  for  goods  of  the  value  of  50 
roubles.  The  Tungus  drew  a  picture  of  the  animal,  which  Adams 
said  was  very  incorrect.  It  had  pointed  ears,  very  small  eyes,  feet 
like  a  Horse,  and  a  line  of  bristles  along  the  back,  and  looked  like  a 
cross  between  a  Pig  and  an  Elephant.  The  merchant  Boltunof,  who 
saw  the  carcase  in  1803,  before  it  had  decayed,  mentions  that  it 
had  a  long  snout  between  its  tusks  (t.e.  a  tiiink).  Adams  did  not 
see  it  till  1806.  In  the  meantime  the  dogs  of  the  Yakuts  and  the 
wild  animals  had  eaten  its  flesh,  and  Adams  found  little  more  than  the 
skeleton,  of  which  one  of  the  fore-limbs  was  lost.  The  bones  were 
still  united  by  thin  ligaments,  the  skin  on  the  head  was  dried  up, 
and  a  bunch  of  hair  remained  on  one  ear.  In  the  left  eye  he 
thought  he  could  distinguish  the  pupil. 

The  skin  of  the  side  on  which  the  animal  had  lain  was  still 
covered  with  thick  hair.  Adams  secured  a  portion  of  this  hide,  which 
was  so  heavy  that  ten  men  with  difficulty  dragged  it  on  to  the  bank. 
He  also  collected  a  pood  of  long  hair,  which  lay  scattered  about  the 
ground  round  about     These  remains  are  still  in  the  Zoological 
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Museum  at  Saint  Petersbargh.  When  Adams  found  the  remains, 
they  were  about  100  paces  from  the  steep  bank  from  which  they 
had  slid  down.  This  bank  was  from  35  to  40  fathoms  high,  and  the 
Tungnses  reported  that  they  lay  at  first  under  seven  fathoms  from 
the  snrface.  Adams  reported  that  the  remains  were  found  imbedded 
in  a  stratum  of  clear  ice. 

The  delta  of  the  Lena  has  undergone  considerable  alterations,  but 
the  site  of  the  discovery  may  still  be  made  out  It  is  on  an  island 
marked  as  a  peninsula  in  Wrangell's  ipap,  but  which  is  now  an 
island,  as  appears  from  the  staff  survey  map  of  the  Russian  govern- 
ment issued  in  1855.  It  lies  in  the  Polar  Sea  opposite  the  little 
station,  of  Kumak  Surka  on  the  Lena.  Its  northern  point  is  called 
Myss  Bykofskoi,  'and  its  southern  one  Myds  Mostach  (the  Manstai  of 
Adams). 

During  Sohrenck's  journey  across  the  Samoyede  steppe  in  1837, 
he  heard  of  the  discovery  of  two  skeletons  of  pachyderms  in  the 
great  peninsula  of  Karakhaiskaya  which  separates  the  Kara  Sea 
from  the  Gulf  of  Obi.  One  of  them  was  found  on  the  left  bank  of 
the  river  Yerumbei  or  Yerubei,  four  or  five  years  before  Schrenck 
passed  that  way.  It  was  described  to  him  as  being  as  big  as  a 
walrus,  but  without  tusks.  Schrenck  suggests  that  it  was  the 
skeleton  of  a  rhinoceros,  but  it  may  be  that  the  tusks  had  been  pre- 
viously broken  off  and  carried  away.  It  had  apparently  lain 
exposed  a  considerable  time,  and  the  bones  were  of  a  brown  colour. 
Another  skeleton  not  quite  so  perfect  had  been  found  ten  years 
before  on  the  same  peninsula,  and  was  well  known  to  the  Samoyedes 
(Baer,  Bull.  So.  St.  Peters.  Acad.  vol.  x.  op.  ciL  278^279). 

In  1840,  an  entomologist  named  Motschulsky  was  at  Tobolsk, 
where  he  was  told  by  the  Samoyedes  that  the  spring  of  the  previous 
year  had  been  very  wet.  This  had  washed  away  a  portion  of  the 
bank  of  the  river  Tas,  a  tributary  of  the  Yenissei,  and  exposed  the 
body  of  a  frozen  Mammoth.  They  had  seen  its  head  and  one  of  its 
tusks,  the  latter  of  which  they  had  detached  and  sold  at  Obdorsk. 
They  reported  that  from  the  jaws  of  the  animal  there  projected  a 
tongue  as  long  as  that  of  a  one  year  old  reindeer,  by  which  they  no 
doubt  meant  the  tnmk  of  the  animal.  Some  difficulty  has  arisen 
about  the  exact  locality  of  this  Mammoth,  as  no  such  river  as  the 
Tas  falls  into  the  Yenissei,  and  Baer  suggests  that  the  Samoyedes 
may  call  the  wide  outlet  of  the  latter  river  by  that  name.  At  all 
events,  a  merchant  of  Berezof,  named  Trofimof,  undertook  to  bring 
the  remains  to  Obdorsk,  which  he  did,  and  they  were  found  by  him 
not  far  from  the  Yenissei,  about  70  versts  from  its  outfall  into  the 
sea  near  a  cliff.  This  skeleton  was  removed  to  Moscow,  and  still 
remains  in  the  museum  there.  Portions  of  hair  and  of  the  flesh  still 
remained  on  it,  upon  which  Professor  Glebof  has  written. 

In  1843,  Middendorf  found  the  remains  of  a  Mammoth  near  the 
river  Taimyr,  only  50  versts  from  the  Polar  Sea,  in  about  75°  N.  L. 
He  describes  the  animal  as  but  half  grown.  Its  flesh  had  nearly 
decayed  away,  and  the  bones  were  soaked  through  from  the  great 
moisture  of  the  clay  in  which  they  lay.    They  still  retained  their 
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form  however,  and  it  was  clear  the  flesh  had  decayed  away  on  the 
spot,  from  there  heing  found  there  two  inches  thick  of  a  dark 
hrown  mud,  which  surrounded  the  hones,  which  had  a  strong 
ammoniacal  smell,  and  was  clearly  a  decayed  animal  substance. 
The  banks  of  the  river  were  about  six  fathoms  high,  and  consisted 
of  coarse  sand  containing  boulders  of  various  kinds  of  stone  from 
the  size  of  a  nut  to  that  of  a  man's  head.  Some  of  these  boulders 
were  taken  home  by  Middendorf  and  were  classed  by  Reyserling 
as  granite,  white  felspar,,  gneiss  containing  garnets,  black  mica 
slate,  and  a  peculiar  breccia  formed  of  pieces  of  anthracite  welded 
together  by  white  carbonate  of  lime.  Half-way  up  the  cliff  in  the 
otherwise  unstratified  sand,  was  a  layer  an  inch  thick  of  fine-grained 
peat  mixed  with  coarser  "sand.  Higher  up,  and  five  to  seven  feet 
below  the  surface,  lay  the  remains  of  the  Mammoth  in  a  layer  of 
sand  mixed  with  clay.  The  boulders  did  not  apparently  reach  so 
high.     The  animal  lay  on  its  left  side  (Baer,  op.  eii,  285). 

A  Mammoth  was  found  some  time  between  1840  and  1850  in 
the  circle  of  Yakutsk.  It  was  mentioned  in  a  notice  by  Herr 
Schtschukin,  who  had  lived  long  in  Yakutsk,  and  was  afterwards 
in  correspondence  with  the  place.  It  was  probably  the  same  animal 
of  which  a  foot  is  preserved  at  Irkutsk,  and  was  mentioned  by 
Schrenck.  It  was  well  pi-eserved  when  found,  and  the  animal  had 
a  mane  of  long  hair  reaching  from  the  neck  to  the  tail.  Like  most 
of  the  others  it  was  found  in  the  bank  of  the  river,  which  had 
been  undermined  by  floods.  The  Archbishop  of  Yaroslaf  reported 
that  the  animal  had  been  found  b}'  a  missionary  named  Khitrof, 
who  reported  that  it  had  a  shaggy  mane,  and  that  its  head  was 
covered  with  hair ;  remains  of  its  food  between  its  teeth  consisted 
of  twigs  of  trees  (Bull.  St.  Pet  Acad.  vol.  x.  pp.  118,  362).  It 
seems  this  Mammoth  was  found  on  the  banks  of  the  Kolyma 
{id.  362). 

Baer  was  told  by  the  doctor,  Alexander  Golubef,  who  had  practised 
long  in  Yakutsk,  that  about  1860  or  1862  the  Yakuts  had  found 
a  huge  beast  covered  with  skin  on  the  banks  of  the  Wiljui,  where 
it  falls  into  the  Lena,  which  they  reported  to  the  Yakutsk  merchant, 
Ivan  Platonovitch  Kolessof. 

A  Yurak,  who  was  looking  for  his  reindeer  on  the  Tundra,  near 
the  bay  of  Tas,  noticed  projecting  from  the  ground  a  horn  (so  they 
call  the  Mammoths*  tusks  found  in  Siberia).  In  order  to  secure 
this  ho  scraped  away  as  much  as  he  could  of  the  earth,  and  disclosed 
the  head  of  a  great  beast.  Having  drawn  or  broken  off  the  tooth, 
he  detached  also  a  portion  of  the  hide  as  evidence,  which  he  gave 
to  the  village  elder  of  Dudinsk,  Athanasius  Koschkarof,  who  passed 
it  on  to  the  overseer,  Sotnikof,  who  showed  it  to  Ivan  Maksimof,  an 
engineer  on  one  of  the  steamers  on  the  Yenissei,  who  again  com- 
municated the  important  news  to  M.  Stephen  Gulayef,  and  he  to 
the  Kussian  naturalist,  K.  E.  von  Baer.  The  news  was  communi- 
cated in  a  letter  from  Karl  Maximovitch  to  Stephen  Gulayef,  dated 
Barnaul,  30tli  November,  1865  (BuU.  St.  Pet  Acad.  x.  230-234). 

On  the  receipt  of  this  news,  the  Imperial  Academy  nominated 
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Coinmission,  consisting  of  the  well-known  names  of  Brandt, 
Eelmersen,  Sclirenck,  and  Baer  {id.  239),  and  it  was  determined  to 
end  an  expedition  to  recover,  if  possible,  the  skeleton  and  other 
Bmains  of  the  Mammoth,  and  to  take  a  plaster  cast  of  his  shape, 
liis  expedition  was  put  under  the  command  of  F.  Schmidt,  who 
ras  ordered  to  set  out  in  February,  1866.  When  he  arrived  in 
iberia,  he  found  that  the  carcase  he  was  in  search  of  had  decayed, 
[aschkaref  had  visited  the  place  in  the  spring  of  1865,  and  found 
jme  bones  and  a  piece  of  deca^^ed  hide  only  (id,  513).  The  place 
^here  the  remains  were  found  was  on  the  Tambu,  a  small  lake 
rom  which  springs  the  river  Gyda  {id,  521),  about  100  versts  to 
tie  north-west  of  Maksimof  Myss.  The  tundra  about  there  is  quite 
aked,  alder  bushes  and  grass  grow  apparently  near  the  rivers, 
chmidt  describes  the  land  of  the  Turaks  as  a  veritable  mine  of 
lammoths'  remains,  and  affirms  his  belief  that  the  specimen  in  the 
foscow  Museum  came  from  there,  from  the  Simovie  Krestowskaya 
lose  to  the  Polar  Sea.  Schmidt  heard  of  another  skeleton  of  a 
lammoth  with  hair  still  remaining  on  its  head,  which  lay  on  the 
Lwamskian  tundra,  and  exposed  to  the  air  {id.  516).  He  eventually 
Boured  a  number  of  the  bones,  and  a  quantity  of  the  hair  of  the 
)rmer  specimen  {id,  xi.  80-90). 

In  the  summer  of  1867  another  Mammoth,  with  its  flesh  and  hide 
itact,  was  found  about  100  versts  from  the  Polar  Sea,  between  the 
ivers  Indigirka  and  Alaseya,  and  on  a  small  river  called  Eovschet- 
L'haja,  whose  mouth  is  about  50  or  60  versts  from  that  of  the 
Llaseya.  It  was  found  by  a  Tungus  named  Foka,  who  spent  the 
ummer  there  in  search  of  Mammoth  bones.  Its  flesh,  it  was 
eported,  had  been  eaten  by  wild  animals.  This  discovery  was  very 
mportant,  from  the  place  where  it  was  made,  which  was  about  the 
ame  meridian  as  New  Siberia ;  it  was  one  and  a  half  day's  journey 
lorth  of  the  limit  of  trees,  and  about  five  days'  journey  from  the 
*olar  Sea.  Schrenck  says  that  the  Mammoth's  body  referred  to  by 
iarytschef  as  having  been  found  in  1787  was  found  on  the  Alaseya; 
irhile  Eosmin,  a  companion  of  Wrangell,  who  made  a  journey  in 
821  along  the  Polar  Sea  from  the  Kolyma  to  the  Indigirka,  passed 
he  River  Uschiwaja,  called  Pila  by  the  Jukagirs,  which  is  about 
lalf-way  between  those  two  rivers,  found  a  collection  of  Mammoths' 
K)nes  which  had  been  washed  out  of  the  banks  by  the  undermining 
►f  the  river  (Bull.  St  Pet.  Accul.  vol.  xvi.  p.  153). 

A  Yakut,  who  was  sent  by  the  Baron  Von  Maydell  to  find  the 
emains  of  this  Mammoth,  found  only  a  leg,  with  one  end  sticking 
n  the  ground,  but  without  flesh  or  hide,  covered  with  skin  only  on 
he  hoof ;  he  also  found  a  piece  of  the  hide  with  hair  still  on  it 
he  size  of  half  a  horse's  skin. 

Meanwhile  news  arrived  at  Nishni  Eolymsk  of  the  discovery  of 
jnother  Mammoth's  body.  Of  this  but  the  skeleton  remained ;  it 
ay  some  fathoms  from  the  right  bank  of  the  River  Eolyma,  200 
^ersts  above  Nishni  Eolymsk,  out  on  the  open  ground  {id.  155  and 
.56). 

Maydell  noted  the  spot  where  the  first  of  the  three  Mammoths  had 
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been  disoovered,  bat  when  he  went  he  found  only  a  number  of  Mam- 
moths* bones.  On  his  way  to  it  he  heard  of  a  third  find.  A  Yakut  told 
him  that  on  a  stream  not  far  from  the  Kovschetschaja,  where  a  former 
Mammoth  had  been  found,  he  had  seen  the  leg  of  a  great  beast,  with 
flesh  and  hide  upon  it,  sticking  out  of  the  ground.  This  was  in 
the  summer  of  1870.  lliis  he  had  detached  by  moving  it  backwards 
and  forwards.  The  site  of  this  find  was  on  the  tundra  between  the 
Indigirka  and  the  Alaseya,  which  is  very  prolific  in  Mammoths* 
remains,  so  that  a  number  of  men  are  annually  engaged  in  searohing 
for  ivory  there.  It  is  watered  by  a  number  of  small  rivers,  the 
most  eastern  of  which  is  the  Eovschetschaja,  where  the  second  of 
the  above-named  Mammoths  was  found.  Forty  versts  west  of  this 
was  another  river  named  the  Schandran,  where  the  third  Mammoth 
was  found.  Maydell  visited  both  places.  In  the  first  he  found  a 
number  of  bones,  and  a  piece  of  the  hide  four  arshins  long  and  one 
and  a  half  broad,  covered  in  places  with  yellowish  short  hair,  and 
longer  hair  of  a  brown-red  colour.  He  then  went  on  to  the  second 
site,  where  he  recovered  the  leg  which  had  been  detached  the  year 
before  by  the  Yakut  It  was  broken  off  at  the  knee,  and,  according 
to  Maydell,  seemed  to  have  been  detached  long  before,  as  the 
exposed  parts  of  the  bones  seemed  weathered,  and  of  a  brown 
colour.  There  was  no  flesh  remaining,  but  the  hide  was  intact,  and 
ended  in  a  rounded  foot  with  a  homy  sole.  He  succeeded  in 
finding  another  similar  limb,  and  a  mass  of  earth  mixed  with 
Mammoth  hair,  but  nothing  more ;  the  rest  of  the  animal  had  been 
dispersed  either  by  being  dragged  away  by  wild  animals,  or  by 
being  broken  and  washed  away  by  the  water  or  otherwise. 

This  completes  our  view  of  the  distribution  of  the  remains  of 
Mammoths  in  Siberia  which  still  retain  their  soft  parts,  and  it  will 
be  noted  that  they  have  occurred  in  various  and  widely  separated 
meridians,  from  the  eastern  water-shed  of  the  Obi  to  the  peninsula 
of  the  Chukchi,  and  they  have  been  found  naturally  where  the 
climate  is  the  most  severe,  and  where  the  tundra  is  the  most  bare  of 
vegetation.  The  list  of  places  where  bones  and  other  remains  of 
these  pachyderms  have  occurred  is  such  an  extensive  one,  that  I 
shall  not  attempt  to  give  a  complete  index  to  it,  but  only  collect  a 
series  of  localities  to  prove  how  wide-spread  the  remains  are. 

AVhen  the  Russian  envoys  went  to  Japan  from  Petropauloski,  in 
Kamskatka,  one  of  them,  named  Kusholof,  brought  home  some 
tubks  and  fragments  of  Mammoths'  bones  which  he  had  found 
in  the  latter  peninsula  (Tilesius,  op.  cit.  423).  Wrangell  found  a 
tusk  in  a  small  brook  near  the  River  Aniuj  {op,  cit,  307),  and  he 
says  both  Mammoth  and  Rhinoceros  remains  are  found  in  the  Little 
Aniuj.  Several  Mammoth  bones  and  pieces  of  Whalebone  were  found 
on  the  tundra  west  of  the  Baranicha  (op,  ciL  286).  These  bones,  he 
says,  are  found  in  hills  surrounding  the  lakes  near  the  Baranof 
rocks  {id.  283),  and  he  records  a  Mammoth's  jawbone  from  the  Great 
Aniuj.  He  says  that  between  the  Eolyma  and  the  Indigirka  there 
is  a  long  perpendicular  ice-cliff,  which  never  thaws,  and  in  which 
the  ice  is  mixed  with  a  little  black  earth  and  day,  and  where  the 
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waves  have  washed  away  the  earth,  Mammoths'  hones  not  un- 
frequently  appear,  and  he  again  adds  that  the  whole  of  the  coast 
from  the  Aleseya  to  the  Indigirka  is  rich  in  Mammoth  hones.  While 
near  the  Baranicha,  hetween  a  low  hill  and  the  sea.  the  ground 
might  he  said  to  consist  entirely  of  Mammoth  and  Buffalo  hones. 
He  noticed  a  large  heap  of  jawbones  that  had  been  thrown  aside  by 
a  previous  party.  In  regard  to  the  Bear  Islands,  he  says :  The  soil 
of  the  first  Bear  Island  consists  only  of  sand  and  ice,  with  such 
quantities  of  Mammoth  bones  that  they  seem  to  form  the  chief 
substance  of  the  island.  Among  the  bones  are  also  found  the  skulls 
and  hoi-ns  of  an  animal  resembling  the  Buffalo  («.e.  of  the  Bison). 

The  people  on  the  Indigirka  are  employed  in  trapping  foxes  and 
collecting  Mammoth  bones.  Near  the  mouth  of  the  Uschewaya  the 
banks  are  often  undermined,  and  Mammoths'  bones  exposed,  of 
which  the  Yukagiri  obtain  a  large  supply  annually.  This  part  of 
the  coast  is  generally  rich,  he  says,  in  Mammoths'  bones. 

Further  west  Erdmann  tells  us  that  in  the  lower  valley  of  the 
Lena,  at  the  place  where  the  Vilui  disembogues  into  that  river, 
between  the  rocky  hills  which  confine  the  course  of  the  Yana,  and 
at  the  Icy  sea  on  both  sides  of  the  mouth  of  the  river,  are  found  the 
teeth  and  bones  of  Mammoths,  Rhinoceroses,  and  other  quadrupeds, 
and  even  whole  carcases  (op.  cit,  vol.  ii.  p.  378). 

But  the  most  famous  deposits  of  all  of  the  Mammoth  bones  are 
found  in  the  Liachof  archipelago,  so  called  from  a  merchant  named 
Liachof,  who  in  the  year  1770  began  to  collect  fossil  ivory  there, 
and  so  enriched  himself  that  he  got  the  exclusive  privilege  of 
digging  for  the  ivory  there,  a  privilege  which  he  transmitted  to  his 
descendants.  These  famous  islands  are  situated  off  the  promontory 
known  as  Sviatoi  noass,  between  the  mouths  of  the  Yana  and  the 
Indigirka,  and  about  74°  N.L. 

According  to  the  report  of  Samukof,  who  was  there  frequently, 
the  soil  of  the  first  of  these  islands  is  almost  composed  of  fossil 
bones,  and  near  it  is  a  mud  bank  which  exposes  fresh  ones  with 
every  storm.  This  made  him  conclude  that  a  large  deposit  lay 
under  the  sea  there. 

In  one  of  these  islands  is  a  lake  with  high  banks,  which  split 
open  in  the  summer,  when  the  sun  melts  the  ice,  and  disclose  heaps 
of  tusks.  Mammoths'  bones,  and  bones  of  Rhinoceroses  and  Buffaloes 
(doubtless  Musk  Oxen  are  meant).  The  ivory  is  often  as  fresh  and 
white  as  that  from  Africa.  In  other  parts  of  the  island  bones 
and  tusks  are  to  be  seen  projecting  from  the  ground.  Liachof  was 
engaged  for  many  years  in  digging  ivory  there,  and  built  huts 
and  a  magazine  for  his  people  who  lived  thei'e  in  the  summer. 
North  of  the  Liachof  Islands  are  those  known  aa  New  Siberia. 
These  consist  of  the  islands  known  as  Kotelnoi,  Fadeyefskoi, 
and  a  third  more  to  the  east  They  were  partially  discovered  by 
Liachors  people,  who,  however,  kept  the  matter  secret  Another 
■peculator  obtained  a  special  privilege  of  digging  there.  Later, 
Count  Bumanzof,  Herr  Hedenstrom,  with  a  number  of  companions, 
among  whom  was  Samukof,  went  there.    Hedenstrom  reports  that 
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in  the  most  eastern  of  these  islands  he  had  found  ten  MammotW 
tusks  standing  out  of  the  ground  in  the  space  of  a  verst  Heden- 
strom  and  Samukof  report  these  islands,  especially  Kotelnoi,  as 
abounding  in  heads  of  Sheep,  Cattle,  and  Horses.  The  place  has 
unfortunately  not  been  visited  by  a  naturalist,  so  that  it  is  im- 
possible to  say  whether  these  Sheeps'  heads  belong  to  the  Siberian 
Mountain  Sheep,  Ovis  nivicola,  or  to  the  Musk  Ox,  and  whether  tlie 
so-called  Horses'  skulls  may  not  be  those  of  Rhinoceroses.  There 
are  also  large  heaps  of  wood  lying  so  thickly  that  the  Russians  call 
them  wood  hills.  So  plentiful  are  the  Elephant  remains,  that  in 
1821  an  ivory  merchant  from  Irkutsk  collected  20,000  pounds  of 
elephant  ivory  from  the  islands  of  New  Siberia.  Samukof  himself, 
in  1805,  collected  250  poods,  or  10,000  pounds,  of  this  ivory,  and 
the  trade  goes  on  regularly  (Baer,  op.  ciL  pp.  253,  254). 

The  same  report  as  to  the  abundance  of  these  remains  comes  from 
other  parts  of  the  northern  coast  of  Siberia. 

The  branches  of  the  two  rivers  Aniuj,  tributaries  of  the  Kolyma, 
are,  according  to  Maljuschkin,  rich  in  fossil  bones.  The  bones 
of  the  carcase,  other  than  the  tusks,  when  they  still  retain  a 
quantity  of  fatty  matter,  are  used  for  fuel  or  for  other  domestic  par- 
poses.  The  supply  of  fossil  ivory  drawn  from  northern  Siberia 
during  the  last  two  centuries  must  have  been  enormous,  and  still 
gives  no  signs  of  waning.  From  1825  to  1831  there  was  never, 
according  to  Middendorf,  less  than  1500  poods  of  fossil  ivory  sold 
at  Yakutsk ;  one  year  it  reached  2000  poods.  From  80  to  100  at 
Tunikhansk,  and  75  to  100  at  Obdorsk.  The  number  of  individual 
Mammoths  deposited  may  be  guessed  from  the  fact  that  many  of 
these  northern  tusks  are  small,  and  weigh  only  about  three  poods, 
or  150  pounds  each. 

West  of  the  Lena  the  Mammoth  occurs  also  in  great  quantities. 
Middendorf  found  its  remains  on  the  Tairayr  peninsula.  Gmelin 
found  those  of  a  Rhinoceros  on  the  new  Tunguska. 

Pallas  and  others  have  reported  Mammoths'  remains  as  found  in 
the  valleys  of  the  Yenissei,  the  Angara,  the  Chalaiya,  the  Irtish,  the 
Tom,  the  Tobol,  the  Ob,  the  Alei,  in  the  country  of  the  Barabinski, 
the  banks  of  the  Volga,  and  the  Ural,  etc.  They  are,  in  fact,  found 
distributed  all  over  Siberia  from  the  Ural  Mountains  to  the  Pacific. 
They  are  not,  however,  distributed  equally  over  Siberia,  but,  as 
Wrangell  says,  form  immense  local  accumulations,  which  become 
both  richer  and  more  extensive  the  further  one  advances  to  the 
north,  being  found  in  the  greatest  abundance  in  the  islands  of  the 
Leachof  archipelago,  more  sparingly  on  the  main  land,  and  but 
rarely  in  Southern  Siberia  (Wrangell,  185,  note). 

The  presence  of  the  remains  of  these  vast  animals  in  such 
abundance  in  a  country  so  sterile,  and  so  given  up  to  the  hardest 
conditions  of  climate,  etc.,  where  there  is  now  in  winter  the  barest 
sustenance  for  the  raven  and  the  snowy  owl,  and  they  alone,  has 
ever  been  a  subject  of  marvel  and  surprise,  has  given  rise  to  many 
theories  and  many  opinions.  These  are  well  worth  sifting  more 
closely  than  they  have  hitherto  been,  for  they  involve  answers  to 
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riddles  nearer  home  than  Siberia.     We  will  postpone  a  survey  of 
them  to  another  communication. 

The  following  Errata  refer  to  the  preTious  article  hy  me  in  the  Geol.  Mag.  Sept. 
1880,  p.  408. 

Page  409  line  lb  for  Nnman  read  Russian. 
t>       »»     »»   46  „   p.  387      „    vol.  ii.  p.  387. 
„     411   ,,    11  ,,  Dudmo     ,,    Dudins. 
,,      y»     ,,   42  ,,  Kiachtu    ,,    Kiachta, 
,,      ,,     ,,   46  „  Tutungian  r^a<f  Tai-tun>gian. 
,,     412  y,     2  ,,  Bon  zoo  ^an  rom  read  Bun-zoo-gan-mn« 
,,       „     ,,    24  ,,  Observationes  read  Observatio. 


>7 


413,  last  line,  for  days  read  months. 


rV. — On  the  Carbonupebous  Polyzoa.^ 

By  G.  R.  ViNB,  Esq. 

A  S  so  much  remains  to  be  done  before  the  Palseozoic  Polyzoa  can 
J\.  be  properly  classified — more  particularly  the  Carboniferous 
species — it  seems  to  me  that  the  wisest  course  to  adopt  is  to  go 
carefully  over  the  work  of  other  authors,  reviewing  their  labours 
generally,  and  giving,  in  as  condensed  a  form  as  possible,  the  results 
of  their  vaiied  efforts. 

David  Ure,*  the  son  of  a  working  weaver  in  Glasgow,  is  the  first, 
so  far  as  I  am  aware,  who  drew  attention  by  figures  to  British 
Carboniferous  Polyzoa ;  and  Martin  ^  gives  some  good  figures  of 
Zoophyta,  but  species  of  these  belong  to  both  the  Corals  and 
Polyzoa.  Thirty-five  years  after  the  publication  of  Ure's  work.  Dr. 
Fleming^  named  some  of  the  species  figured,  and  the  Zoophyta  he 
called  Cellepora  TJrii  and  Betepora  elongata.  The  first  of  these, 
according  to  Mr.  Robert  Etheridge,  Jun.,^  is  ChcBtetes  tumidus, 
Phillips,  and  the  other  is  a  Feneatella, 

In  1826,  the  work  of  August  Goldfuss  ^  was  published.  In  this  a 
system  of  nomenclature  was  adopted,  and  many  figures  of  Polyzoa 
and  Corals  given,  which  to  a  large  extent  assisted  investigators  and 
helped  them  to  identify  species  found  in  this  country.  The  generic 
terms  used  by  Goldfuss  were  «w5cepted  by  authors  who  followed 
him,  but  as  no  distinction  was  made  by  the  earlier  investigator  in 
separating  true  Polyzoa  from  true  Corals,  those  who  worked  from 
his  types  and  descriptions  fell  into  his  error,  and  mingled,  for  a 
time,  Corals  and  Polyzoa  together  whenever  they  had  fresh  forms  to 
describe. 

The  chief  of  the  generic  terms  used  by  Goldfuss  were  : — 

1.  Oorgonia,  Lmnffios,  1745.  3.  Betepora,  Lamarck,  1816. 

'         2.  CelUpora^  Gmelin,  1788?  4.  Ceriopora,  Goldfuss,  1826. 

The  type  of  LinnsBUs*  Gorgonia  was  altogether  different  from  the 

'  British  Association — Section  C.  (Geology). — Report  of  the  Committee,  consist- 
ing of  Prof.  P.  M.  Duncan  and  Mr.  G.  K.  Vine,  appointed  for  the  purpose  of 
reporting  on  the  Carboniferous  Polyzoa.     Drawn  up  hy  Mr.  Vine,  Secretary. 

*  History  of  Rutheiglen  and  East  Kilbride,  1793. 

>  Petrefactions  of  Derbyshire,  1809,  Fetrefacta  Derbienaia, 

^  History  of  British  Animals,  1828. 

A  Amu  Mag.  Nat.  Hist  1874.  •  Fetrefacta  Qerman'ue, 
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types  of  Goldfus8*8  genus.  The  first  had  reference  to  the  fixed 
Poljpiferous  masses  which  are  still  known  by  the  same  name,  hot 
the  last  are  now  referred  to  the  Fenestellida, 

The  species  of  Cellepora  are  now  placed  with  ChcBieies,  and  most, 
if  not  all,  of  the  Ceriopora  of  the  Palsdozoic  era  are  also  referred  to 
ChcBtetes  and  to  Alveolites, 

The  use  of  the  term  Retepora^  as  applied  to  Pal8d02U)io  forms,  has 
been  abandoned,  and  the  better  defined  generic  term  Fentst^a 
used  instead ;  but  Lonsdale,^  in  his  otherwise  clearly  defined 
characters  of  this  genus,  included  both  FenesteUa  and  Polypora 
types  in  the  one  description  of  the  genus. 

However  we  may  differ,  at  the  present  time,  from  Professor 
Phillips '  in  his  arrangement  of  the  •  Zoophyta  *  found  in  the  Car- 
boniferous rocks  of  Yorkshire,  we  must  give  him  the  credit  for 
being  amongst  the  first  to  attempt  a  division  between  CJorals  and 
Polyzoa ;  but  in  the  use  of  Lamarck's  genus  Mill^pora  for  some  of 
his  species,  he  seems  to  have  been  very  undecided  as  to  the  true 
character  of  his  fossils. 

Phillips  describes  eight  species  of  Beiepora,  defining  certain 
terms  which  he  uses,  such  as  fenestrule,  dissepiments,  and  interstices 
— t^rms  still  used  in  later  descriptions  of  FenesteUa.  His  species 
were  B.  memhrancea,  flahellata,  ienuiJUa  undtdatay  irregularis,  polypo- 
rata,  nodulosa,  and  laxa.  The  poverty  of  Phillips's  diagnosis  renders 
identification  of  his  species  a  very  difficult  matter,  but  some  of  his 
species  were  so  truly  typical  in  their  general,  as  well  as  in  their 
minute  characters,  as  to  enable  Mr.  G.  W.  Shrubsole,  in  his  elaborate 
review  of  the  FcnesteUtda,^  to  retuiu  three  of  them  as  types  of  his 
very  restricted  Carboniferous  forms.     The  retained  species  are : — 

FenesteUa  memhranacea ^  sjii.  F.  tenuifila^  I'hill.,  and  F.Jlabtllata,  PhilL 
,,       iwdalosiiy  Pbill. 
n      pohjporata    ,, 

The  Betepora  Jiusiriformisy  Phill.,  has  been  placed  as  a  synonym  of 
F.  pJebeiay  M'Coy,  by  Mr.  Shrubsole,*  and  as  Ptylopora  by  Morris.' 
By  Phillips  it  was  regarded  as  the  MiUepora  fiustriformis  ^  of 
Martin,  and  he  also  said  it  resembled  the  Gorgonia  antiqua  of 
Goldfuss.  Betepora  plumay  PhilL,  is  now  Glauconome  ;  and  Fluslraf 
parallela,  which  Phillips  describes  as  "  Linear :  longitudinally  and 
deeply  furrowed,  cells  in  the  furrows,  in  quincunx,  their  apertures 
oval,  prominent"' : — M'Coy®  refers  to  the  genus  FtJicii/ana,  Defrance, 
and  Morris  •  places  it  and  another  species  of  M 'Coy's  with  the  genus 
Stdcoreteporaj  D'Orb.  The  species  has  no  affinities  with  any  of 
these  genera,  it  appears  to  me  to  be  the  Carboniferous  descendant 
of  the  more  ancient  Ptilodictyay  Lonsd.  (=  Stictopora,  Hall).  The 
non-celluliferous,  striated,  sometimes  rugose  marg-in,  and  the  central 
laminar  axis  or  septum,  which  divides  the  cells  of  opposite  sides, 


Geology  of  Russia. 
Quarterly  Journ.  Geol.  Soc.  1879. 
Catalo|jue  of  British  Fossils. 
Geology  of  Yorkshire. 
Catalogue  of  British  Fossils. 


*  Geology  of  Yorkshire,  1836. 

*  Ibid  p.  278. 

*  Fetrefac.  Lerhiensia. 

8  Syn.  Garb.  Foss.  of  Ireland. 


ff .  jB.  Vine — CarhoniferomPolyzoa.  503 

are  almost  always  present  in  the  Oarboniferoas  species.  I  there- 
fore, prefer  to  leave  the  Fluatraf  which  Phillips  describes  with 
Piilodictya  as  P.  paraUela,  PhilL,  and  this  reference  is  founded  upon 
original  investigation  of  various  specimens  of  Ptilodictya,  of  the 
American  Silurian  species/  Piilodictya  MeeJci,  Nicholson,  Devonian 
species,'  as  well  as  all  the  known  species  of  Sulcoretepora  of  the 
Carboniferous  Limestone  series. 

The  Millepora  of  Lamarck  seems  to  have  been  the  generic  type  of 
both  Qoldfuss  and  Phillips,  and  in  describing  the  Carboniferous 
species,  the  latter  author  adopted  the  class  Polypiaria  of  the  Radiate 
Division  of  the  Animal  Kingdom  at  that  time  current  among 
naturalists.  It  was  Phillips's  misfortune,  rather  than  his  fault,  that 
he  had  to  follow  in  his  classification  the  authority  of  those  who 
preceded  him.  Of  the  six  species  of  Millepora  described,  four  are 
easily  identified — the  other  two  are  not  so  easily  recognized. 

Millepora  rkombifera^  PhilL,  G^eoL  of  Yorkshire. 
„         inUrporota      „         „  „ 

„         spicularis         „         „  „ 

„         oeulata  „         ,,  „ 

„         gracili*  „    Paloeozoic  Foss.  of  Devon,  etc. 

,,         similis  ,,  „  ,,  ,,        Torquay. 

„         verrucosa  f  Goldfoss.     Of  this  Phillips  says,  "  a  species  like 
this  appears  at  Florence  Court,  Ireland.*'  * 

No  group  of  Polyzoa,  recent  or  fossil,*  has  caused  so  much  trouble 
to  paleeontologists  as  the  little  group  here  tabulated  from  Phillips. 
Members  of  it  have  been  referred  to  no  fewer  than  five  distinct 
genera,  and  even  now  they  may  be  safely  referred  to  three,  if  not 
to  four.  Bather  than  postpone  the  analysis  of  the  species,  I  shall 
prefer  to  draw  upon  later  work,  and  do  it  here  instead  of  elsewhere. 

Millepora  gracilis  is  referred  to  by  Phillips  in  his  later  work,*  for 
he  seems  not  to  have  noticed  it  in  the  limestone,  Yoredale  limestone, 
or  shales  of  Yorkshire ;  yet  it  is  most  common  everywhere,  whilst 
the  M.  rhombifera  is  by  far  the  rarer  species.  We  have  the  authority 
of  Phillips  himself,  that  the  species  I  am  dealing  with  were  his ;  for 
in  a  letter  which  he  addressed  to  Prof.  J.  Young,  and  Mr.  J.  Young, 
of  Glasgow,"  he  says,  "I  agree  with  you  in  refen*ing  your  beautiful 
specimens  to  the  three  species  (M,  gracilia,  M.  rhombifera,  and  M. 
interporosd)  named  in  my  books  ("Yorkshire,"  vol.  ii.  and  "  Palseo- 
zoic  Foss.").  Your  examples  are  better  than  mine  were ;  but  I  have 
no  doubt  of  the  reference,  etc."  Morris  places  the  whole  of  Phillips's 
species — with  the  exception  of  Af.  apicularia  and  M,  oeulata — with 
the  Ceriopora;''  the  exceptions,  for  what  reason  I  cannot  explain,  he 
places  with  the  Puatulopora  of  Blainville,  a  genus  that  had  no  exis- 
tence in  the  Palaeozoic  seas. 

*  Niagara  Group :    Hall,  PalaiontoL  of  New  York,  vol.  ii  ;    Nat  Hist.  New 
York,  part  4. 

»  Geou  Mao.,  1876,  pp.  19-20,  PL  6,  Fig.  14. 

«  Geol.  of  Yorkshire.  <  Excepting  Lepralia. 

*  Palseozoic  Foss.  of  Cornwall,  Devon,  etc.,  1841. 

«  April  3,  1874  ;  Ann.  Mag.  of  Nat.  Hist.,  May,  1876. 
?  Catalogue  of  British  Fossils,  1864. 
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Millepora  rhombifera,  PhilL,  Greol.  Yorkshire. 
f,         gracilis  „      Palseozoio  Foes. 

Both  Ceriopora,  MorriB,  Catalogue. 
Bhabdomeson  gracile  and  R.  rhombiferum,  Young  and  Young. 

Oen.  Ch, — R,  gracile.  "Stem  slender,  cylindrical,  branching  at 
right  angles  to  the  stem  never  less  than  an  inch  apart ;  and  consists 
of  a  hollow  axis  formed  by  a  thin  calcareous  tube,  and  of  a  series  of 
cells  ranged  round  the  axis  •  .  .  apertures  of  cells,  oval  .  .  •  ridges 
tuberculated."  * 

R.  rhombiferum,     "Stem  slender,  cylindrical,  free;    branches  of 
nearly  equal  diameter  given  off  at  wide  intervals  .  .  .  cells  in  quin- 
cunx all  round  the  stem ;  surrounded  by  tuberculated  ridges  .  .  . 
cell-area  more  numerous  on  one  face  than  on  the  other  .  .  .  central 
axis  slender,  slightly  flexuous,  and  without  transverse  septa."* 

For  these  two  species,  the  Messrs.  Young  of  Glasgow  have 
founded  a  new  genus — Rhabdomesou — on  account  of  the  peculiar 
central  hollow  axis  which  they  possess,  and  on  which  the  cells  are 
arranged.  This  peculiarity  is  unique — for  I  know  of  no  other 
Polyzoon  having  a  rod  or  mesial  axis  similar  to  these.  Some  of  the 
Oraptoloidea,  sub-order  Rhihdophora,  AUman,  possess  a  mesial  axis, 
and  so  do  the  Rhabdopleura,  class  Polyzoa,  order  Phylactolemnta; 
but  whether  we  should  be  justified  in  assuming  on  this  account 
either  Hydroid  or  Phylactolematous  affinities  for  these  fossils  is  a 
very  serious  question  to  decide.  The  assumption  in  either  case 
would  involve  tlie  discussion  of  many  problems  into  which  I  cannot 
enter  here.  The  Messrs.  Young,  in  the  two  papers  referred  to,  have 
gone  into  the  question  very  fairly,  and  those  who  follow  them  in 
their  critical  remarks  must  remember  that  they  are  contending  for 
the  antiquity  of  a  type  of  Polyzoa  organization  not — previous  to 
their  discoveries — known  to  exist  in  a  fossil  state.  I  have  carefully 
followed  the  authors  in  all  their  investigations  of  this  intricate 
question,  but  I  am  not  prepared  to  use  this  fossil  type  as  in  any  way 
indicative  of  the  existence  of  Phylactolematous  Polyzoa  in  Carbon- 
iferous times.  At  the  same  time  it  would  be  mere  carping  on  iiiy 
part  to  ignore  its  existence  as  indicative  of  peculiar  structural 
characters  that  may  help  us  in  our  future  classification  of  the  Palaeo- 
zoic Polyzoa. 

Millepora  tnterporosay  PhilL,  Geol.  of  Yorkshire. 

Ceriopora  interporosa,  Morris*  Catalogue  of  Brit.  Foss. 

Vincularia  Binnieiy  Etheridge,  jun.* 
This  species  is  a  very  variable  one.  Phillips  speaks  of  it  as 
having  *'  oval  pores,*'  whilst  the  Millepora  similis  has  more  elongated 
pores  ;  on  the  other  hand,  Vincularia  Binniei  is  spoken  of  as  having 
"  oval  to  hexagonal  cells  arranged  in  quincunx ;  or  in  oblique 
ascending  lines.'*  The  magnified  figure  of  a  series  of  cells  given  by 
Mr.  Etheridge  as  an  illustration  of  his  species,  is  one  of  the  rarer 

*  Messrs.  Young,  Ann.  Mag.  Nat.  Hist.,  May,  1874. 

»  Ibid.  1876.  3  Geol.  Mac,  April,  1876. 
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Tarieties  of  Jlf.  interporosa.  Had  Mr.  Etheridge  contended  for  the 
variety,  I  should  not  have  disputed  his  claim,  but  as  he  introduces 
a  most  anomalous  genus  into  the  classification  of  our  Carboniferous 
Polyzoa,  I  cannot  do  otherwise  than  point  out  the  anomaly. 
Defrance^s  genus  VincuJaria  had  no  existence  whatever  in  Palseozoio 
times.  D*Eichwald,  on  whose  authority  Mr.  Etheridge  rests,  is  most 
unreliable  on  this  point.^ 

It  is  on  account  of  their  importance  that  I  have  dwelt  so  fully  upon 
these  species.  They  had  a  wide  geographical  range  in  Carboniferous 
times,  and  though  their  variability  is  great,  they  have  many  structural 
characters  in  common  with  the  Ceriopora  which  range  into  the 
Mesozoio  and  Tertiary  strata. 

Under  the  auspices  of  Sir  Richard  Griffith,  Bart,  Frederick  M*Coy 
published  his  "  Synopsis."  *  There  is  ample  evidence  in  this  work 
that  M*Coy  had  much  better  material  than  Phillips,  and  his  drawings 
and  diagnosis  of  species  are  more  elaborate.  M*Coy  adds  no  fewer 
than  twelve  species  of  Fenestella  to  our  British  Polyzoa.  They  are 
jP.  plebeia,  carinata,  formosa,  crassa,  muHiporata,  ejuncida,  fruiex^ 
hemispherica,  Morrisii,  oeulataj  quadri-decimalis,  and  varicoaa.  As  I 
shall  have  to  speak  of  these  farther  on,  I  will  leave  the  list  without 
any  further  comment 

M*Coy  retains  a  few  puzzling  forms  under  the  name  of  Gorgonia, 
These  are  G.  assimilis,  Lonsd. ;  G.  Lonsdaliana,  M'Coy ;  and  O.  zic* 
taCf  M*Coy. 

Another  fenestrate  genus,  introduced  by  M*Coy,  bears  the  name  of 
Ptylopora,  There  is  a  feather-like  arrangement  in  this  genus ;  a 
central  stem  giving  off  lateral  branches  which  are  connected  by 
dissepiments  having  oval  fenestrules.  Fenestella  owes  its  expansion 
to  the  bifurcation  of  its  branches.  Piylopora  very  rarely  bifurcates, 
there  is  a  basal  extension  of  the  polyzoary  along  the  central  stem. 
One  species  is  recorded  by  M*Coy — P.  pluma — but  it  is  a  genus  that 
deserves  to  be  more  closely  studied  than  it  has  been.  In  naming 
some  fossils  lately  for  Mr.  John  Aitken,  F.G.S.,  from  the  neigh- 
bourhood of  Castleton,  Derbyshire,  I  detected  several  small  frag- 
ments of  this  beautiful  genus.  The  broad  central  stem,  whenever 
fenestration  was  absent,  might  easily  be  mistaken  for  a  robust 
Glaitconome. 

The  Glauconome  which  M'Coy  figures  and  gives  descriptions  of 
are,  G,  grandis,  G,  gracilis,  and  by  his  discoveries  he  extends  the 
range  of  Phillips's  G.  bipinnaia? 

Vineularia  I  have  already  repudiated,  and  the  V,  parallela,  PhilL, 
which  M*Coy  accepts  as  a  type,  I  have  alluded  to  when  describing 
Phillips's  species.  The  Berenicea  megasiomaj  'M.'Coyz=Dia8topora, 
Mor.  Cat,  will  be  placed  in  the  genus  Cerataopora^  on  account  of 
its  many  well-marked  characters.* 

Having  all  the  material  at  hand  for  the  work,  I  shall  now  discuss 

'  See  paper  on  Vineularida,  mihi.    Read  before  the  Geol.  Soc.  June  23,  1880. 
'  Synopsis  of  the  Carb.  Fobs,  of  Ireland,  1844. 

•  Upper  Devonian,  Croyde,  IMlton,  Devon,  Phill.,  Palaeozoic  Foss. 

*  See  paper  on  DioMtoporiday  mihi ;  read  before  the  Geol.  Soc.  May,  1880. 
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the  relative  value  of  the  genera  and  Bpecies  introduced  by  various 
authors  since  the  publication  of  the  volumes  alluded  to. 

Synocladia,  King,  1819. 

1873.  Synodadta  htBerialis,  Swal.,  var.  carhonariay  Etheridge. 
1878.  Synocladia  f  seoUca,  Young  and  Young  J 

The  type  of  this  genus  is  very  peculiar,  and  as  it  is  well  illustrated 
in  King's  Permian  Fossils,  once  seen  it  can  hardly  ever  be  forgotten. 
''  The  corallum  is  cup-shaped,  with  a  small  central  root-like  base : 
reticulated,  composed  of  rounded  narrow,  often  branched  interstices, 
bearing  on  the  inner  face  from  three  to  fioe  alternating  longitudinal 
rows  of  prominent  edged  pores,  separated  by  narrow  keels,  studded 
with  Bmall  irregular  vesides  alternating  with  the  cell  pores."  The 
essential  characters  of  this  genus  I  have  put  in  italics. 

In  the  "Ann.  and  Mag.  of  Nat  Hist.,"'  Mr.  Robert  Etheridge,  Jan., 
described  a  "  peculiar  polyzoon  from  the  Lower  Limestone  Series  of 
Gilmerton,  under  the  name  of  Synocladia  carhonaria,*'  An  almost 
identical  form  had  been  previously  referred,  by  Mr.  Meek,*  to  Syno- 
cladia biaerialis,  Swallow.^  After  very  minute  investigations,  kindly 
supplied  to  him  by  Mr.  King,  Mr.  Etheridge  says,  "  I  have  ascer- 
tained that  our  Scotch  fossil  agrees  so  closely  in  its  main  characters  " 
with  the  American  species,  *'that  it  can  be  only  regarded  as  a 
variety  of  it."* 

To  Synocladia  hiserialis  Mr.  Meek  also  refers  Septopora  cestriensisy 
Prout,  **a  form  which  appears  to  differ  only  from  the  typical  species 
of  Synocladia  by  having  from  one  to  four  rows  of  cell-apertures  on 
the  dissepiment  instead  of  two."  • 

In  1878,  Prof.  Youno^  and  Mr.  John  Young  published'  details  of 
another  Synocladia,  wliich  they  Ciilled  Synocladia  (y)  scotica,  from 
the  Upper  Limestone  Shales,  Gillfoot  and  Garple  Bum,  stating  that 
'*  in  both  localities  it  is  very  rare."  If  we  accept  the  departure  from 
the  original  type  of  Synocladia,  which  I  have  no  objection  to,  seeing 
that  Prof.  King  uses  the  term  for  Paheozoic  Polyzoa  alone,  then 
these  two  species  of  the  genus  may  be  recorded  as  existing  in 
Carboniferous  times.  They  have  the  **  small  irregular  vesicles 
alternating  with  the  pores,"  not  unique  with  this  genus,  for  several 
othei*s  contain  a  "secondary  pore."  Having  examined  this  second- 
ary pore  in  thin  sections  of  Carboniferous  species,  I  can  only  account 
for  its  presence  as  being  indicative  of  the  existence  of  a  vibracula  in 
these  ancient  typc^s.  There  are,  however,  most  essentially  definite 
characters  in  the  Carboniferous  Synocladia  yet  to  be  accounted  for. 
Very  frequently,  in  even  the  smallest  fragments,  pores.,  similar  to 
the  secondary  pores  on  the  face,  are  constantly  found  on  the  reverse 
also.  I  know  of  no  analogy  in  more  recent  fossil  or  living  species 
to  which  I  can  refer  to  account  for  this  feature  in  this  ancient  type. 

1  Proceedings  Nat.  Hist.  Soc.  of  Glasgow,  April,  1878.  (The  (?)  is  Messrs. 
Young's.)  a  September,  1873. 

^  Pahpontology  of  E.  Nebraska,  Washington,  1872. 

*  Transactions  of  St.  Louis  Acad.,  1858,  vol.  i. 

*  Sheet  23,  Scotch  Geol.  Survey.  •  Ibid.     Explanation  of  Sheet  23. 
'  See  foot-note  1. 
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1873.   Cartnella  cellulifera,  E.  Etheridge,  jun. 
1876.  Goniocladia  cellulifera,  R.  Etheridge,  jun. 

This  is  a  good  typical  genus  and  species,  both  well  described. 

Generic  and  Specific  Ck, — Polyzoarium  composed  of  angular, 
irr^ularly  disposed  anastomozing  branches,  strongly  carinate  on 
both  aspects,  but  celluliferous  only  on  one.  No  regular  dissepiments ; 
the  branches  bifurcate  and  reunite  with  one  another  to  form  hexa- 
goaal,  pentagonal,  or  polygonal  fenestrules  of  most  irregular  form. 
On  each  side  the  keel  of  the  poriferous  aspect  are  three  alternating 
lines  of  oell-apertures.^  The  genus  and  species,  for  there  is  only  one, 
is  well  illustrated  in  the  Geol.  Mag.  1873. 

1849.  Thamniscus,  King,  Permian  Foss. 

1873.  Mr.  B.  Etheridge,  jun.,  indicates  the  possible  existence  of  a 
species  of  this  genus  in  our  Scotch  Carboniferous  rocks.  ''Tlie 
portions  obtained  are  fragments  of  a  robust,  branching  coralline, 

with  a  nearly  circular  section The  cells  are  very  pustulose 

or  wartlike,  with  prominent  raised  margins The  disposition 

of  the  cells  and  mode  of  bmnching  is  exceedingly  like  that  seen  in 

Thamniacus  dt^ius,  Schl As  the  margins  (of  the  cells)  in  the 

present  form  are  decidedly  raised  and  prominent,  might  it  not 
probably  be  a  species  of  Thamniscus  f  If  it  be  a  new  species  of 
Polypora,  1  would  propose  for  it  the  specific  designation  of  P. 
pustulata.* 

1875.  The  Messrs.  Young  of  Glasgow,  after  recording  the  opinions 
•f  Mr.  Etheridge,'  describe  Thamniscus  Rankini,  Young  and  Young, 
inserting  between  the  generic  and  specific  names  '*  Stem  free,  dicho- 
tomous,  circular,  about  tV  inch  in  diameter,  branches  in  one  plane. 

....  Cells  arranged  in  spirals Cell-apertures  circular  when 

entire,  oval  when  worn ;   lower  lip  prominent Non-cellu- 

liferons  aspect  finely  granulated,  faintly  striate."  ....  "The  generic 
position  of  the  fossil  is  uncertain.  .  .  .  Meanwhile,  though  strongly 
disposed  to  regard  this  fossil  as  a  true  Ilomeraf  or  a  member  of  a 
closely  allied  genus,  we  think  it  safer  to  leave  it  in  the  Palseozoic 
genus."  In  this  the  Messrs.  Young  are  wise,  but  younger  and  less 
cautious  observers,  on  the  strength  of  the  many  peculiar  affinities 
which  this  species  has  to  Homera,  would  have  eagerly  embraced 
this  opportunity.  I  cannot,  however,  regard  this  species  as  a 
PalsBOZoic  Homera,  but  I  must  candidly  confess  that  it  comes  very 
near  to  the  generic  description  accepted  by  Busk.* 

Glauconome,  Munster,  syn.  Vincularia,  Def.  1829.  Glauconome,  Gold- 
fuss,  1826.  Revised  by  Lonsdale,  1839.  G,  disticha,  Lonsdale, 
type  of  D'Orb.'s  Penniretepora  ;   Acanthocladia,  King,  1849. 

It  is  very  doubtful  whether  this  term  can  be  used  for  other  than 
Palseozoio  Polyzoa.     It  was  originally  used  by  Munster  for  cylindri- 

1  Gbol.  Mao.  1873  and  1876.    Expl.  of  Sheet  23,  Scotch  Surrey,  p.  101. 

'  Explanation  of  Sheet  23,  Appendix,  p.  102. 

s  Ann.  and  Mag.  Nat.  Hist.,  May,  1875,  p.  335,  pi.  ix.  bis. 

4  Marine  Polyzoa,  pt.  iii.  Cydostomata,  p.  16. 
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cal  forms,  for  the  Glauconome  tnargtnata,  Manst,  in  Goldfuss's 
Petrefac.  of  Germany,  is  given  by  Hincks  as  a  synonym  of  Cellaria 
fistulosa,  Linn.  It  was,  however,  established  by  Goldfiiss,  and  after- 
wards revised  by  Lonsdale.  M*Coy,'  improving  upon  Phillips's' 
poor  description,  does  not  make  any  reference  to  the  number  of 
pores  between  the  branchlets.  In  his  later  work  he  defines  the 
genus  more  minutely  thus : — 

''Cordlum  composed  of  a  narrow  central  stem,  with  numerous 
pinnules,  or  lateral  branches  unconnected  with  each  other:  both 
stems  and  branches  have  two  rows  of  cells  on  one  face,  which 
is  usually  carinated  between  them,  carina  in  some  species  tubercu- 
lated  ;   opposite  face  striated." ' 

In  a  paper  read  at  the  Nat  Hist  Soc.  Glasgow,  the  Messrs.  Toung 

describe  several  new  species  of  Glauconome, 

1875.  Glauconome  marg'malis,  Toung  and  Toung. 
„  ateUipora  „  „ 

„  elegans  „  „ 

„  Mpeta  „  „ 

,,         Jlt^xiearinata      ,,  ,, 

retrfJUxa 


,,         Mxa  ,,  ,, 

„         robu8ta  ,,  „ 


1877.*         „         robu8ta 

1877.  „         elegantula,  B.  Etheridge,  jun. 

In  describing  G.  degantula  Mr.  Etheridge  defines  and  criticizes  the 
genus  Glauconome  with  especial  reference  to  the  AcanthoclacUaJ 

1875.  Hyphasmopora,  R.  £thendge,  jun.^ 

The  generic  and  specific  characters  of  this  new  provisional  genus 
are  well  described  by  Mr.  Etheridge  in  the  paper  referred  to.  There 
is  only  one  species — H.  Buskii^  and  I  am  glad  that  after  submitting 
the  specimens  to  Mr.  Busk,  Mr.  Etheridge  followed  his  own  judg- 
ment and  established  a  new  genus,  rather  than  adopt  the  suggestioa 
of  Mr.  Busk,  "That  the  above  resembled  the  genus  VinctUaria, 
Defrance  *' — adding  afterwards,  '*  It  is  probably  the  type  of  a  new 
genus,  perhaps  allied  to  the  latter."  This  beautiful  species  is  found 
in  several  localities  of  Scotland,  but  I  liave  found  it  in  Yorkshire, 
and  also  in  N.  Wales.  It  cannot,  however,  be  considered  a  common 
form  anywhere. 

1850.  Sidcoreteporaf  D^Orbigny. 

This  genus  has  been  accepted  by  Morris  (Catal.)  and  by  the  Messrs. 
Young,  of  Glasgow,  for  certain  species  of  Carboniferous  Polyzoa. 
Morris  gives  the  above  date,  but  the  Messrs.  Young  in  their  paper' 
say,  "  The  genus  Sulcoretepora  was  formed  by  D'Orbigny  in  1847, 
with  the  following  definition :  Cells  in  furrows  on  one  side  of  simple 
depressed  branches." 

*  Syn.  Carb.  Foss.  Ireland.  *  Retepora  plumOy  Geol.  of  Torkshire. 
'  Brit.  Pulicozoic  Foss. 

*  I*roc.  Xat.  Hist.  Soc.  of  Glasgow,  1878.     Paper  read  1877. 

*  "  Notes  on  Carb.  Polyzoa,''  Annals  and  Mag.  Nat.  Hist.  vol.  xi.  1877. 

*  Pn)visional  Genus  of  Polyzoa,  ibid.  vol.  xv.  1876. 
'  Proceedings  of  Nat.  Hist.  Soc.  Glas.  1877. 
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All  tlie  Carboniferous  species  that  have  been  referred  to  tliis  genus 
have  cells  on  both  sides,  and,  as  I  have  already  referred  one  of  the 
accepted  species  to  another  genus,  I  will  deal  now  with  the  Sxdcorete- 
pora  Hobertsoni,  Y.  and  Y.  As  there  are  characters  in  this  species 
altogether  different  from  any  known  species  of  Ptilodietya,  the  same 
reference  for  this,  as  appears  feasible  for  Flustra  f  parallela,  Phill., 
is  altogether  out  of  the  question.  The  S,  Rohertsoni  has  none  of  the 
characters  in  common  with  Phillips's  species,  and  I  should  strongly 
recommend  the  Messrs.  Young  to  construct  for  this  typical  species 
a  new  genus,  especially  so  as  *'  Between  each  pair  of  cells  in  a  longi- 
tudinal series,  1  to  3  pores  oocur»  normally  above  each  cell -aperture, 
and  in  well-preserved  specimens  tubercles  surround  each  coll -area 
more  or  less  completely."  *  The  fades  of  Phillips's  species  and  the 
species  of  the  Messrs.  Young  may  at  first  sight  appear  identical,  but 
the  forms  described  by  the  later  authors  are  destitute  of  the  non- 
poriferous,  rugose,  and  striated  margins  of  Flustra?  parallela.  It 
is  upon  the  presence  of  this  particularly  constant  character  that  I 
refer  Phillips's  species  to  Ftilodictya. 

Archaopora  nezilts,  De  Koninck. 

This  genus  and  species,  classified  as  it  is  with  the  Polyzoa,  is  a 
most  peculiar  one.  I  have  not  by  me  De  Koninck's  work  for  refer- 
ence, and  the  remarks  that  I  may  offer  upon  the  species — for  I  shall 
accept  the  genus  without  discussion  —  are  the  results  of  original 
investigation.  The  species  is  tolerably  common  in  a  few  localities 
of  Scotland.  I  have  no  record  of  it  in  this  country  except  in  doubt- 
ful fragments  in  Wales — and  my  type  specimen  was  presented  to  me 
by  Mr.  John  Young,  and  I  believe  I  may  safely  conclude  that  this, 
with  other  specimens,  was  seen  and  approved  of  by  De  Koninck 
when  he  visited  the  Hunterian  Museum  of  Glasgow. 

8p.  Char. — Polyzoary  adherent  to  stems  of  encrinites,  shells,  frag- 
ments of  Rhahdomeson,  Certopora  interporosa,  spines  of  Mollusca,  etc., 
spreading  irregularly,  forming  large  patches,  at  other  times  mere 
minute  specs ;  pores  generally  oval,  separated  from  each  other  by 
smaller  openings.  I  cannot  call  them  '  interstitial  or  csenenchymal 
tubuli  * — for  that  would  convey  a  false  impression,  for  pores  and 
cells  are  netted  together.  The  number  of  smdl  openings  surround- 
ing a  cell  varies ;  sometimes  there  are  as  many  as  fifteen,  in  other 
places  not  more  than  five  or  seven.  About  twelve  cells  with  their 
interposed  pores  occupy  the  space  of  a  line  and  a  half  across  the 
cells,  from  nine  to  ten  in  the  same  space  in  their  length.  The  poly- 
zoary is  separated  from  the  foreign  objects  to  which  it  is  attached  by 
a  very  thin  lamina  formed  by  the  bases  of  the  cells.  There  is  no 
evidence  of  tabulsB  in  thin  sections,  but  the  interjacent  pores  do  not 
reach  quite  to  the  bases  of  the  cells.  I  have  never  seen  a  specimen, 
on  which  a  fresh  colony  is  found  spreading  over  an  older  one,  but 
sometimes  a  colony  of  Sienopora  is  found  upon  the  polyzoary  of 
Archaopora.  In  a  thin  transparent  section  of  a  small  fragment  of 
another  specimen,  adherent  to  a  portion  of  shell,  a  most  peculiar 

I  Ibid.  p.  167* 
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Btnicture  is  revealed,  which  for  a  long  time  puzzled  me,  because  the 
peculiar  biserial  ceihs  api)eared  like  an  analogous  structure  referred 
to  by  Prof.  Nicholson  when  describing  Carinopora  Jlindei,  Nick^ 
His  ftgures,  however,  are  said  to  be  transverse,  mine  are  longitudi- 
nal, or  in  a  line  with  the  bases  of  the  cells.  These  tail-like  processes 
are  constant  characters  at  certain  intervals  even  in  a  very  small 
section,  and  may  help  in  the  recognition  of  the  genoa  in  sections 
of  limestone.  At  first  sight  Arckctopora  has  the  appearance  of 
CaUopora  incrassata,  as  described  and  figured  by  Nicholson,'  bat 
a  very  little  examination  will  show  the  difference  between  the  two 
forms,  whereas  one  is  a  Polyzoon  ai^d  the  other  a  Tabulate  coral. 

I  have  now  gone  over  the  whole  of  the  recorded  genera  and.  species 
of  British  Carboniferous  Polyzoa,  with  the  exception  of  the  Fenestd- 
Uda,  These  having  been  so  lately  and  so  ably  reviewed  by  Mr.  G. 
W.  Shrubsole,  F.G.S.,  their  omission  from  this  report  will  not  be  so 
much  felt  as  the  omission  of  any  of  the  other  lesser  known  forms. 
Mr.  Shrubsole,  after  very  elaborate  investigations,  and  after  the  care- 
ful comparison  of  nearly  all  tiie  known  so-called  species,  is  inclined 
to  restrict  the  twenty-six  species  to  five  typical  ones,  namely  :^ — 

Fenesttlia  plebeia,  M'Coy  Ferttsteila  nodulosa,      Phillips. 

„        eratna         ,,  „         meinbraHaeea^     ,,       sp. 

M       polyporata,  Phillips. 

all  the  other  *'  species  "  falling  into  the  rank  of  synonyms  of  one  or 
other  of  the  five  here  received  by  him.  But  this  does  not  confine  the 
number  of  known  8j>ecie8  to  five.  When  his  labours  on  the  family 
are  completed  several  new  forms  will  he  described,  together  with  at 
least  two  more  species  of  Polypora — the  results  of  laborious  investi- 
gations in  North  Wales.  There  are  also  some  references  to  the 
Polyzoa  of  the  Carboniferoua  Limestone  of  the  districts  between 
Llanymynech  and  Minerva,  N.W.,  in  the  lately  published  work*  of 
G.  H.  Morton,  F.G.S.,  Hon.  Sec.  of  the  Liverpool  Geological  Society. 
Several  other  papers  on  special  points,  having  reference  to  Polyzoa, 
have  been  published  during  the  last  ten  or  twelve  years.  The  vexed 
question  as  to  the  Hydrozoal  or  Polyzoal  affinities  of  Palaocoryne  has 
been  debated  by  Prof.  Duncan,*  Prof.  Young,  and  Mr.  John  Young,* 
and  by  myself;'  but  the  question  as  to  their  real  affinities  is  still  an 
open  one.  Another  paper  by  Mr.  A.  W.  Waters,**  entitled  *  Remarks 
on  some  FenesteUidfe,'*  contains  some  debatable  matter,  and  the 
papers  of  Mr.  Robert  Etheridge,  jun.,  on  the  genus  Glauconome, 
Messrs.  Young  on  the  genus  Cerioporay  and  the  paper  on  the  **  Per- 
fect Condition  of  the  Cell-pores  and  other  points  of  structure," •  are 
valuable  additions  to  our  knowledge  of  Carboniferous  Polyzoa. 
Before  any  attempt  can  be  made  to  construct  a  system  of  classifica- 
tion which  will  embrace — naturally  —  the  several  genera  of  the 

1  Annals  and  Mag.  Nat.  Hist.,  Feb.  1874,  p.  81,  fig8./and  t. 

*  N(!W  Devonian  Fosa.,  Geol.  Mao.,  Vol.  I.  1874,  p.  2,  Plate  I. 

'  "  Carboniferous  Fenestellid;e,*'  Quart.  Journ.  Geol.  Soc.,  May,  1879. 

♦  The  Carb.  Limestone  and  Cefn-y-fedw  Sandstone,  London,  David  Bogue,  1880. 
»  rhil.  Transac,  1869. ;  Joum.  Geol.  Soc.,  1873  ;   Journ.  Geol.  Soc.,  Dec.  1874. 

•  Joum.  G«K)1.  Soc.  Dec.  1874.  '  Science  Gossip,  1879. 

*  Proc.  of  Manchester  GeoL  Soc.,  1879.  •  Newspaper  Beport,  Oct.  9,  1879. 
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Paleeozoio  Polyzoa,  many,  at  present,  very  doubtful  points  must  be 
cleared  up  by  a  more  complete  study  of  all  the  species  of  the  Palaeo- 
zoic and  Mesozoic  ag^s  of  our  earth's  history.  It  is  a  difficult  matter 
with  present  classifications  to  place  the  genera  of  Palaeozoic  Polyzoa 
without  doing  yiolence  to  constructed  definitions.  In  the  absence, 
therefore,  of  any  well-defined  families  in  which  the  Carboniferous 
Polyzoa  can  be  placed,  I  venture  to  group  the  whole  of  the  forms 
under  separate  headings,  which  must  be  considered  as  provisional 
only.  But  to  prevent  any  misconception  as  to  the  special  characters 
of  each  group,  I  shall  refer  to  the  shape  of  the  cell  or  zooecia 
especially,  as  the  basis  of  my  arrangement,  allowing  all  the  other 
characters  to  fall  into  their  places  as  subordinate  only. 

Fam.  I. — Fenestellidje. 

Primary  Char, — Polyzoary  forming  small  or  large  fenestrated  or 

non-fenestrated  expansions.     Cells  placed  biserially,  or  alternate,  so 

as  to  form  branches  or  '*  interstices,"  similar  in  many  respects  to  the 

genus    Scrupoeellaria   among    living   Polyzoa :    cells   bladder- like, 

margin  of  mouth  raised  and  covered  ?  by  "  operculum  "  during  the 

life  of  the  animal.     The  nearest  living  representative  cell  among  the 

British  Polyzoa  figured  by  Hincks  *  is  that  of  Aleyonidinm  albidunif 

with  which  I  can  compare  generally  the  cells  of  the  Fenestellida, 

Tlie  following  genera  are  grouped  provisionally,  many  details  having 

yet  to  be  worked  out : — 

Genus  I.  Fenestrlla — plebeia,  polyporatay  membranaeeaf  in  which  the  cells  are 
biserially  placed. 
„     II.  Fenestellina  -  n<M/M^«/i,  actinostoma,  in  which  the  ceUs  are  alternate, 

Uterally  forming  single  rows. 
,,  III.  Glauconomk— Only  some  of  the  species  studied. 

Fam.  II. — POLTPORIDJE. 

Primary  Char, — Polyzoary  forming  small  and  large  fenestrated 
expansions.  Branches  robust,  cells  placed  contiguously  in  a  slanting 
direction  over  the  branch,  opening  on  one  side  only;  the  cells  on 
the  margins  of  the  branches  (younger  cells)  nearly  of  the  same 
shape  as  in  the  Fenestellida ;  the  older  cells  in  the  innermost  portion 
of  the  branches  much  compressed,  but  never  partaking  of  a  tubular 
character. 

Genus  IV.  Polypora. 

The  cell-structure  of  the  following  genera  is  such  as  to  warrant 
their  separation  from  the  whole  of  the  above  genera,  but  they  are 
not  sufficiently  studied,  neither  are  their  details  so  well  worked  out 
as  to  enable  me  to  suggest  a  proper  place  for  them  at  present. 

Genus     I.  Ooniocladia^  Etheridge,  jun. 

II.  Synocladtay  ,,  „  \      Two  otm^  distinct 


Synoeladiay  Young  and  Toung.         j  species. 

III.  ByphatrntporOy  Etheridge,  jun. 
IV.  ThamnUeuSy  Young  and  Young, 
y.  Suleoretepora  Robertsoniy  Young  and  Young. 
VI.  Arehaopota,  De  Koninck. 

All  the  above  are  types  of  distinct  genera,  and  before  they  can  be 
1  Brit.  Marine  Polyzoa,  18S0,  p.  600 ;  toL  i.  p.  Ixx ;  yol.  iL  figs.  8  to  10. 
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properly  placed,  the  Silurian,  as  well  as  the  Permian  Poljzoa,  most 
be  carefully  studied  in  the  way  that  I  have  already  suggested. 

For  the  present,  too,  I  will  catalogue  the  remainder  of  the  Carhon- 
iferous  genera,  reserving  for  the  future  more  detailed  arrangements. 

G«iiiu    VII.  Rhahdometon,  Young  and  Young. 
„      VIII.  Ctriopora^  MorrU. 
„  IX.  BrrtniceOf  M'Coy  =  Ccrami^ra,  Hall. 

I  thus,  for  the  present,  conclude  my  summaiy  of  the  British 
species  of  Carl>oniferous  Polyzoa.  It  would  have  been  comparatively 
easy  for  me  to  have  made  it  longer — it  would  have  been  difficalt 
indeed  to  have  made  it  shorter.  To  the  palaeontologpist  the  study 
of  the  Paleeozoic  Polyzoa  opens  up  many  very  important  biological 
details,  for  the  connexion  of  the  Polyzoa  with  the  Graptolites  is  a 
question  that  must  be  dealt  with  in  detail ;  and  the  relationship  of 
the  Palaeozoic  to  all  other  Polyzoa  must  be  grappled  with  intelli- 
gently and  dispassionately :  and  for  this  purpose  collectors  could 
help  either    myself  or    others    by   furnishing    materials    for    the 

study. 

Attercliffb,  Sheffield. 

Y. — On  the  Caves  and   Kitchen-midden  at  Cabbigagoweb, 

Co.  Cork. 

By  R.  J.  U88HBR,  Esq. 

alHESE  caves,  whose  original  mouths  are  now  probably  destroyed 
or  concealed  by  rubbish,  open  at  present  into  a  quarry  in  a 
limestone  knoll  on  the  townland  of  Carrigagower  (*Kock  of  the 
Goat '),  three  or  four  miles  south  of  Middloton.  They  are  not  broad 
nor  lofty,  but  have  extensive  rannfications.  especially  that  one  which 
opens  into  the  north-west  part  of  the  quarry.  At  its  eastern  end, 
and  at  a  depth  of  20  feet  from  the  surface,  the  quarry  is  crossed 
by  a  cave  now  exposed  by  the  removal  of  its  western  side,  lliis 
Ciive  runs  in  the  line  of  a  joint  or  fissure,  and  penetrates  the  rock 
north  and  south.  The  floor  of  this  cave,  where  it  remains  (through 
the  northern  half  of  the  exposed  portion),  is  of  stalagmite  resting  on 
pale  sandy  clay  that  overlies  the  limestone  bottom.  On  this  stalag- 
mite floor,  among  the  dtbris  of  broken  stalactites,  loose  charcoal  was 
found,  and,  on  removing  a  layer  of  the  solid  stalagmite,  from  one 
inch  to  two  inches  in  thickness,  much  charcoal  was  found  embedded 
in  it  with  sandstone  gravel  and  some  shells  of  a  small  Helix,  marking 
the  horizon  of  an  old  floor  that  had  been  encrusted  by  the  subsequent 
formation  of  stalagmite.  The  portion  of  the  cave  laid  open  appeared 
in  its  southern  part  to  have  had  no  stalagmite  floor,  but  to  have  had 
an  upward  opening  to  the  sky,  through  which  an  accumulation  of 
brown  surface-earth  and  kitchen  waste  had  been  introduced,  extend- 
ing downwards  into  the  cave  so  as  to  have  completely  filled  this 
vertical  opening.  The  accumulation  was  uniform  in  character,  con- 
taining much  charcoal,  often  in  large  lumps,  and  a  great  profusion 
of  bones  and  teeth  of  ox,  sheep  or  goat,  and  pig,  with  some  remains 
of  horse,  dog,  and  cat,  and  a  few  of  hare  and  rabbit  The  bones  were 
usually  broken.    Their  colowi  ^«a  ^«vk«t«J\^  ^^qwys»\\^  hut  often 
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blackened,  though  they  exhibited  no  appearanoe  of  dendrites.  In 
some  instanoes  they  appeai*ed  to  have  been  burned,  and  charooal  was 
very  frequently  found  adhering  to  them  and  in  their  interstices. 
Numbers  of  sea-shells  occurred  through  the  accumulation.  Seven 
species  of  these  were  noted,  the  most  common  being  limpet  and 
periwinkle.  Many  shells  of  the  common  garden-snail  also  occurred. 
With  the  above  were  found  several  articles  of  human  use.  Sharpen- 
ing-stones  of  different  sizes,  flat  circular  pebbles,  hammer-stones, 
flint-flakes  artificially  chipped,  a  fragment  of  wheel-made  pottery, 
two  iron  knives  of  an  antique  form,  an  iron  chisel,  and  a  large  flat- 
headed  iron  nail,  some  slag  and  a  piece'  of  jet  (?).  A  portion  of  a  jet 
bracelet  had  pi'eviously  been  found  in  the  same  brown  surface-earth 
close  to  this  spot  J.  J.  Smyth,  Esq.,  to  whose  kind  assistance  we 
are  mnch  indebted,  found  in  a  recess,  close  to  the  above  spot,  a  por- 
tion of  the  upper  stone  of  a  quern  imbedded  in  earth.  Near  the 
centre  of  the  quarry,  a  portion  of  a  cave  remains  that  has  been 
partly  quarried  away.  In  this  was  discovered,  with  bones  of  deer 
and  ox,  part  of  another  stone,  very  similar  to  the  above  portion  of  a 
quern,  with  a  flat  surface  and  a  circular  hole  in  it,  though  not  in  a 
direction  exactly  perpendicular  to  the  surface.  In  the  surface  of  an 
adjoining  field  a  deeply  indented  arrow-head  of  flint  was  found  some 
time  since,  and  labourers  employed  on  the  spot  say  that  triangular 
chipped  flints  have  frequently  been  met  with  there.  The  surface- 
earth  around  the  quarry  contains  many  bones  of  ox,  goat,  and  pig, 
showing  that  the  spot  had  been  the  site  of  some  human  habitatioa 
for  a  considerable  lapse  of  time. 

Further  explorations  in  this  cavern  have  been  postponed,  but  will 
be  resumed  pi'esently. 

Tlie  following  is  an  Extract  from  a  Report  by  Robert  Day,  Esq., 
F.8.A.,  on  the  Implements  found  at  Carrigagower,  Co.  Cork. 

The  iron  objects  are  peculiarly  interesting,  as  examples  of  very 
early  domestic  articles— comprising  a  chisel  and  two  knives.  The 
larger  of  these  has  a  portion  of  the  wooden  haft  still  adhenng  to  it, 
and  the  turn-up  on  the  handle  part,  designed  for  securing  it  effec- 
tually, occurs  on  a  larger  knife  in  my  collection  which  was  found  at 
Lame,  Co.  Antrim.  These  objects  lack  the  peculiar  blue  or  cobalt 
patina  that  is  so  frequently  found  on  iron  tools  from  Irish  crannogs. 
The  oblong  stone  with  polished  sides  is  a  burnisher  or  whetstone, 
upon  which  probably  the  knives  were  sharpened.  The  broken 
stone  may  either  have  been  a  hone  stone  or  a  chisel-shaped  celt.  If 
it  was  found  in  the  same  deposit  as  the  iron  objects,  I  should  say  it 
was  another  polisher,  as  it  is  not  probable  that  a  chisel  of  the  ad- 
vanced iron  type  would  be  found  in  conjunction  with  one  of  stone. 
Two  of  the  natural  pebbles  are  hammer-stones,  and  the  third,  with 
its  ground  and  partly  polished  face,  is  one  of  a  type  commonly  met 
with  in  the  North  of  Ireland.  In  this  the  central  depression  is 
barely  defined,  but  in  others  it  is  much  more  fully  developed,  so 
that  I  have  long  come  to  the  conclusion  that,  while  serving  some 
purpose  (perhaps  for  grinding  the  broken  points  of  arrow-hcads'\^ 
they  were  made  to  pay  a  double  debt,  and  aexwid  «»»  ^TCiw\^v^\    ^ 
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noticed  upon  tlie  broken  bit  of  pottery  what  looks  very  like  a  worn- 
out  inscription  in  lioman  capital  letters.  This  is  best  seen  witb  a 
pocket  lens.  Tlie  bit  of  jot  (?)  may  be  jet  or  coal  ;  I  am  not  com- 
petent to  give  an  opinion.  The  fragments  of  flint  are  all  artificial 
Among  them  is  the  base  (showing  the  bulb  of  percussion)  of  & 
worked  flake.  These  flint-flakes  were  used  down  into  the  iron  age, 
and  we  have  here  another  proof  of  the  fact  llie  bone  scoop  sent  by 
Mr.  Sinvth  is,  from  the  character  of  the  texture  or  structure  of  the 
bone,  altered  by  exposure  and  time,  as  it  is  unquestionably  older 
than  the  apple-scoops  which  schoolboys  made  in  the  present  century, 
and  which  it  closely  resembles.  I  have  another  like  it,  from  the 
Lough  Revel  Crannog,  Co.  Antrim,  with  cobalt  patina.  This  from 
Rathcoursey  (Carrigagower)  is  ornamented,  and  the  flint  arrow-head 
found  there  is  small,  beautifully  chipped,  and  of  the  scarce  and 
d(>eply  indented  type.  The  iron  nail  is  very  curious,  with  a  head 
like  a  horse  nail. 
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Section  C.  (Geology)  Swansea. 

I. — On  the  Action  of  Carbonic  Acid  on  Limestone. 
By  Professor  Botd  Dawkins,  F.K.S. 

CAVES  in  the  limestone  are  to  be  looked  upon  as  subterranean 
watercourses,  which  are  produced  partly  by  the  dissolving 
action  of  the  carbonic  acid  in  the  rain-water,  and  partly  by  the 
jnoclmnical  action  of  the  streams  flowing  through  them.  The 
iusolublo  carbonate  of  lime  in  the  rock  is  changed  into  the  soluble 
bi  carl)onate  and  carried  away  in  solution.  The  additional  atom  of 
cjirbonic  acid,  however,  is  in  a  ccmdition  of  unstable  chemical  com- 
bination, and  if  it  be  removed  either  by  evapoi*ation  or  by  the  action 
of  tbo  free  current  of  air,  the  insoluble  carbonato  of  lime  at  once  is 
di-posited.  Hence  it  is  that  some  caverns  have  their  walls  covered 
with  a  drapery  of  stalagmite  and  the  little  straw-like  pendants  from 
the  roof  formed  round  the  edges  of  each  drop  gra<lually  become 
dovoloped  into  columns  of  various  sizes.  The  stalagmitic  j^edestals 
also  rise  from  the  floor  where  a  line  of  drops  falls  from  the  roof  and 
idtiniately  unite  with  the  column  let  down  from  above.  On  the 
surface,  too,  of  the  pools  an  ice-like  sheet  of  stalagmite  gradually 
shoots  across  ii*om  the  sides,  and  sometimes  where  the  water  is  still 
covers  the  whole  surface.  Admirable  illustrations  of  all  these 
]>roce8ses  are  to  be  seen  in  the  caves  of  Pembrokeshire,  and  esjieciall}' 
in  the  Fairy  Cave  on  Caldy  Island. 

The  rate  of  the  accumulation  of  carbonate  of  lime  depending 
primjirily  upon  the  access  of  water  and  the  free  access  of  air,  both 
being  variablo,  varies  in  difi\Tent  places.  Sometimes  it  is  very 
swift,  as  for  example  in  the  Jngleborough  Cave,  where  a  series  of 
observations  by  Professor  Phillips,  Mr.  Farrar,  and  myself  extend- 
in^]:  over  the  years  from  1845  to  1878  give  the  annual  rate  at 
'291G  inch.     It  is  obvious,  therefore,  that  all  speculations  as  to  the 
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antiquity  of  deposits  in  particular  cases  based  on  the  view  that  the 
aocnmulation  is  very  slow,  are  without  value. 

The  mountain  limestone  ravines  and  passes  are  to  be  viewed  in 
the  main  as  caverns  formed  in  the  manner  above  stated,  which  have 
lost  their  roofs  by  the  various  sub-aerial  agents  which  are  ever  at 
work  attacking  the  surface  of  the  limestone.  If  any  of  these  be 
examined,  it  will  be  seen  that  the  tributary  caves  open  on  their 
sides,  and  in  some  cases  the  ravine  it^self  is  abruptly  terminated  by 
a  oavem. 


II.— On  a  Fragment  of  Mica  Schist. 
By  Professor  W.  J.  Sollas,  M.A.,  F.R  S.E.,  F.G.S. 

THE  author  called  attention  to  some  appearances  presented  by  a 
fragment  of  mica  schist,  pointed  out  to  him  by  Prof.  William 
Bamsay,  Ph.D.*,  while  walking  on  the  beach  at  Bodo,  Norway.  It 
is  a  tabular  fragment,  showing  fine  foliation-laminae,  and  traversed 
by  two  undulating  veins  of  quartz,  the  undulations  are  very  high  and 
narrow,  eight  complete  ones  occurring  along  a  distance  of  ten  inches 
in  a  straight  line. 


Face  of  Fragment  of  Mica-Schist,  Bodo,  Norway. 

/  /  planes  of  foliation,    v  v  and  v'  i/  folded  veins  of  quartz,  crossing  the 

planes  of  foliation.     (Scale  \.) 

The  planes  of  foliation  correspond  to  the  bedding  in  the  rocks  of 
the  neighbourhood  (amongst  which  this  same  phenomenon  was  after- 
wards noticed).  The  folded  quartz  vein  was  at  one  time  straight 
and  cut  across  the  foliae  at  right  angles ;  the  folding  must  have  been 
accomplished  by  compression  of  the  schist  at  right  angles  to  its  folise, 
and  by  measuring  the  length  of  the  quartz  vein  between  two  points 
along  its  undulations  (26  inches)  and  also  directly  along  its  path 
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(10  inches)  one  finds  the  amount  of  coropression  which  has  taken 
place  (13  :  5).  The  argument  is  the  same  as  that  used  by  Dr.  Sorbj 
for  the  bed  of  quartzito  folded  in  the  slate  of  Devonshire. 


111. — On  thc  Island  of  Torghattkn. 

By  Profeeaor  W.  J.  Sollas,  M.A.,  F.R.S.E.,  F.G.S. 

THE  author  described  the  results  of  a  visit  whioh  he  made  to  this 
island  in  July,  1880.  The  platform  from  which  the  peak 
of  the  island  rises  is  a  narrow  plain  of  marine  denudation,  pro- 
duced when  the  island  was  submerged  375  feet  below  its  pre- 
sent level.  The  tunnel  which  traverses  it  is  a  sea-cave  excavated 
between  two  master-joints.  The  floor  of  the  cave  is  covered  with 
angular  blocks  of  gneiss,  which  have  fallen  from  the  roof  since 
the  elevation  of  the  cave-floor  above  the  sea-level ;  the  blocks 
have  fallen  far  more  rapidly  at  the  entrances  of  the  cave  than 
in  the  interior,  and,  as  a  consequence,  the  roof  rises  from  the 
middle  towards  each  end  of  the  tunnel,  and  so  does  the  angular 
debris,  which  thus  forms  at  each  entrance  a  vast  sloping  mound. 
The  vast  quantity  of  fallen  material  is  an  interesting  indication 
of  what  has  been  accomplished  by  simple  mechanical  disintegra- 
tion since  the  island  was  raised  above  the  375  feet  leveL  The 
joints  are  the  most  important  factors  in  denudation;  excepting 
nioutonneed  faces,  the  author  considei's  most  of  the  bare  rock  faces 
which  constitute  the  surface  of  Northern  Norway  are  merely  ex- 
pobod  joint  planes.  He  has  seen  joints  in  the  same  rock,  and 
Laving  the  same  direction,  extending  from  a  few  feet  to  over  a 
thousand,  and  surface  features  in  parallelism  with  them  from  a 
facet  not  a  yard  across  to  precipices  over  a  1000  feet  high. 


IV. — On  the  Hiatus   said  to  have  been   found  in  the  Rocks 

OF  West  Cork. 

By  G.   n.   KiNAHAx,  M.R.I.A., 
President  of  the  Royal  Geological  Society  of  Ireland. 

THE  paper  was  commenced  by  a  table  of  the  different  classifica- 
tions of  the  Cork  Rocks. 

Griffith.  Jukeh.  Hull. 

Carboniferous  Slate.  Carboniferous  Slate.  |      c^mbook  Grite.^* 

Yellow  Sandstone.  Upper  Old  Red  Sandstone.  Kiltorcan  Iknls. 

Old  Ked  Sandstone.  Lower  Old  Red  ►Sandstone.       |      Glenjrariff  Beds 

Silurian.  Glengaritf  Grits.  )  (Silurian.) 

From  the  table  it  is  apparent  that  although  using  different 
group-names  Griffith's  and  Jukes*  classifications  are  essentially 
similar,  while  Prof.  lIuH's  classification  is  materially  different  from 
both  ;  although  by  adopting  for  his  new  groups,  names  very  similar 
to  those  of  Jukes,  a  careless  reader  might  suppose  his  classification 
was  similar  to  that  of  Jukes  and  Griffith. 

The  paper  went  on  to  j)oiut  out  that  the  supposed  hiatus  rested  on 
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he  conolusions  of  Prof.  Hull,  which  the  author  reviewed  in  order, 
rirst,  that  the  hiatus  and  nnconformability,  it  was  understood,  were 
lupported  by  the  observations  of  Messrs.  O'Kelly  and  McHenry  at 
lenmare  and  Glengariff  Bays;  but  one  of  these  geologists,  how- 
ever, contradicts  this,  while  the  second  declines  to  give  an  opinion, 
rhe  second,  referred  to  well-known  unconformabilities  outside  the 
imits  of  the  typical  West  Cork  rocks;  these  on  account  of  the 
>lace8  in  which  they  occur,  the  author  was  of  opinion  did  not  favour 
he  idea  of  a  hiatus.  The  third  was  a  statement  that  the  plotting 
>n  the  maps  of  the  Geological  Survey  proved  an  unconformability  ; 
he  lines,  however,  to  which  Prof.  Hull  was  supposed  to  have  re- 
erred  are  only  the  conventional  lines  in  common  use  to  indicate 
bids  and  flexures  in  contorted  areas ;  and  are  fully  explained  in  the 
lections  of  Jukes  and  his  assistants.  The  fourth  is,  that  there  are 
ibrupt  changes  in  the  rocks  forming  Prof.  Hull's  different  groups — 
his,  however,  was  shown  to  be  improbable,  as  the  Carboniferous 
Uate  of  Griffith  graduates  so  imperceptibly  into  his  Yellow  Sand- 
itone,  and  the  latter  into  his  Old  Red  Sandstone  (the  upper  member 
>f  Prof.  Hull's  "Glengariff  Beds"),  that  the  respective  boundaries 
idopted  on  the  Government  maps  are  arbitrary,  and  depend  solely 
m  the  colours  of  certain  beds. 


V. — The  Old  Red  Sandstone  op  the  North  of  Ireland. 

By  G.  H.  KiNAHAN,  M.R.I.A., 
President  Royal  Geological  Society  of  Ireland. 

IN  the  Geol.  Mag.  for  August,  1880,  page  381,  appears  the 
abstract  of  a  paper  "  On  the  Old  Red  Sandstone  of  the  North 
)f  Ireland,*'  by  Mr.  F.  Nolan  (read  before  the  Geological  Society  of 
Liondon,  June  23rd,  1880).  In  this  communication  my  classification 
s  cautiously  acknowledged,  although  when  I  first  published  it  in 
ny  preface  to  the  Geology  of  Ireland,  Prof.  Hull,  in  criticising  it 
n  the  Geologioal  Magazine,  brought  forward  most  ingenious 
)videuce  to  show  that  1  was  mistaken. 

According  to  the  published  Map  of  the  Pomeroy  District  (Ireland, 
Sheet  34),  the  Old  Red  Sandstone  of  Shanmaghry,  two  miles  S.E. 
>f  Pomeroy,  not  only  rests  on  the  fossiliferous  Pomeroy  rocks,  but 
^aduates  into  them.  I,  however,  would  suggest  that  the  position 
)f  the  boundary  is  inaccurate,  and  that  the  Old  Red  Sandstone 
extends  a  little  farther  north  into  the  townland  of  Aghafad,  its  base 
3eing  a  friable  red  conglomerate  that  rests  unconformably  on  the 
fossiliferous  beds  a  little  to  the  north  of  it 

I  cannot  understand  on  what  reasoning  it  has  been  assumed  that 
;he  **  Kiltorcan  beds  "  of  Professor  Hull,  which  are  said  to  be  the 
equivalents  of  Griffith's  "  Yellow  Sandstone,"  can  be  supposed  to  be 
ibsent  in  the  North  of  Ireland.  They  were  found  there  years  ago 
)y  Griffith  and  others ;   and  there  are  good  exposures,  in  different 
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places  in  Tyrone,  Fermanagh,  etc.,  of  roclu  litbologioally  identical 
with  those  in  the  Kiltorcan  district,  Co.  Kilkenny;  while  theie 
rocks,  and  also  those  at  Kiltorcan,  have  similar  relations  to  the 
Carboniferous  Limestone.  Furthermore,  it  is  stated  in  the  abstnui 
referred  to  that  the  Upper  Conglomerates  are  supposed  to  represeui 
*'  the  Upper  Old  Red  Sandstone  of  Waterford,"  yet  Hanghton,  Bafly. 
and  others,  years  ago,  proved  that  the  Upper  Old  Red  Sandstone  of 
Waterford  contains  a  like  assemblage  of  fossils  to  those  at  Kiltorcan, 
Ca  Kilkenny.     This  is  a  paradox  that  needs  explanation. 

As  the  Carboniferous  Slate  of  Cork  County  is  the  equivalent  of  the 
Carboniferous  Limestone  and  its  associated  sandstones  and  shake, 
the  Calp  sandstones  of  Ulster  most  necessarily  in  part  repreeeut 
the  Carboniferous  Slate ;  but  it  is  erioneous  to  state  they  are  tbe 
equivalents  of  it  or  of  the  Coomhoola  Orits,  especially  the  latter, 
as  those  who  are  acquainted  with  the  geology  of  West  Cork  are 
aware  that  the  last-mentioned  name  was  applied  by  Jukes  to  groape 
of  grits  that  may  occur  on  different  horizons  in  the  Carboniferou 
Slate. 

VI. — Note  on  the  Range  or  the  Loweb  Tertiabiks  of  Eiei 

Suffolk. 
By  W.  H.  Daltox,  F.G.S.,  of  H.M.  Geological  Surrey. 

niHE  Crags  and  Drifts  of  East  Suffolk  prevent  more  than  an 
X  approximate  delineation  of  the  outcrop  of  the  Chalk  from 
beneath  the  Lower  Tertiaries. 

The  Loiidon-clay  disappears  from  the  surface  a  little  west  of 
Or  ford ;  but  the  deep  boring  at  Sir  E.  Lacon's  Brewery  in  Yar- 
mouth, made  in  1840,  pjissed  through  170  feet  of  estuarine  deposits, 
and  then  no  Jess  than  305  feet  of  London-clay  and  51  of  Reading 
b<^d8,  before  reaching  the  Chalk.  There  could  therefore  be  hardly  a 
doubt  of  the  continuity  of  the  Eocene  beds  between  Orford  and 
Yarmouth,  although  their  boundary-line  might  be  for  some  part  of 
its  length  outside  of  the  present  coast :  indeed,  in  published  maps, 
most  of  the  interval  is  coloured  as  Chalk. 

The  inhabitants  of  Suffolk  are,  however,  awaking  to  the  dis- 
advantages of  a  water-supply  derived  from  ponds  and  sewage- tainted 
sands,  and  consequently  Artesian  wells,  carried  down  into  the 
Chalk,  are  increasing  in  number. 

The  accounts  of  these  wells  (which  will  duly  appear  in  the 
Memoirs  of  the  Geological  Survey)  give  the  following  indications 
of  the  position  of  the  outcrop  of  the  Chalk  : — 

At  Easton  Park,  Framlingham,  Beccles,  and  Norwich,  the  Chalk 
is  covered  directly  by  Crag  or  Drift. 

At  Woodbridgo,  Saxmundham,  Bramfield,  and  Yarmouth,  a 
greater  or  less  thickness  of  Lower  Tertiary  beds  is  present,  and  their 
boundary  is  probably  three  or  four  miles  in  and  from  these  points. 

At  Hoxne,  a  few  feet  of  *  green  clay  '  lying  directly  on  the  Chalk 
may  possibly  be  an  oMlWet  o(  \\\^  TiQflidvw^  beds. 

The  Lower  TeiUav'ieft,  V\i\x&  oxxVYm^^,  \vk»^^^  tw^^  ^^i^ys^.  YQl^teat^ 
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except  that,  being  imporvious  clays,  they  cut  off  impure  surface 
waters,  and  are  ^easier  to  bore  through  than  the  loose  sands,  etc., 
overlying  them. 

The  plane  of  the  Chalk  surface,  whether  under  or  beyond  the 
Lower  Tertiaries,  is  sufficiently  uniform  to  render  calculation  of  itfl 
depth  in  any  part  of  the  district  an  easy  process.  In  the  Bramfield 
boring,  the  latest  of  the  series,  the  Chalk  was  reached  at  48  feet 
below  the  ordnance  datum,  calculation  from  the  three  nearest  points 
— Beocles,  Framlingham,  and  Saxmundham — indicating  52^  feet. 


VII. — On  some  Pre-Cambrian  Rooks  in  thb  Harlech  Mountains, 

M  krionkthshire. 

By  Hbnby  Hicks,  M.D.,  F.G.S. 

DURING  an  excursion  into  the  Harlech  Mountains  in  the  summer 
of  last  year,  I  recognized,  near  the  centre  of  the  well-known 
anticlinal  of  Cambrian  rocks,  another  group  of  rocks,  which  ap- 
posed to  me  to  underlie  the  former,  and  to  be  part  of  a  pre- 
existing formation.  On  further  examination  I  noticed  also  that 
many  of  the  fragments  in  the  conglomerates  at  the  base  of  the 
Harlech  Orits  seemed  to  be  identical  with  the  rocks  below,  and  to 
have  been  derived  from  some  such  pre-existing  group.  Subsequent 
microscopical  examination  of  some  of  the  fragments,  and  of  the 
underlying  rocks,  tended  strongly  to  confirm  this  view.  In  order, 
however,  to  satisfy  myself  more  fully  on  this  point,  I  revisited  the 
area  this  summer,  accompanied  by  my  friends,  Prof.  Hughes,  Mr. 
Tawney,  and  Dr.  R.  D.  Roberta,  and  the  result  has  been  to  entirely 
confirm  my  previous  conclusions.  This  discovery  is  of  consi«lerable 
importance,  as  it  enables  us  to  compare  the  thickness  of  the 
Cambrian  rocks  of  North  Wales  more  satisfactorily  than  Jias  been 
hitherto  possible  with  those  of  South  Wales,  and  to  realize  more 
clearly  the  early  physical  conditions  of  the  areas.  Hitherto  it  seemed 
doubtful  what  the  actual  thickness  of  the  Harlech  Group  could  be, 
and  very  different  estimates  have  been  given.  It  now  l)ecome8 
possible  to  give  a  peifectly  correct  estimate,  and  it  is  satisfactory  to 
find  that  it  approximates  far  more  nearly  with  that  made  out  in 
other  Welsh  areas,  than  was  previously  supposed. 

The  points  where  these  older  rocks  come  to  the  surface  mainly 
occur  along  a  line  running  nearly  due  N.  and  S.  from  Llyn-Cwmmy- 
nach  to  about  two  miles  to  the  S.W.  of  Trawsfynnyd.  Along  this 
line  the  anticlinal  is  much  broken,  and  denudation  has  taken 
place  to  a  very  considerable  extent.  It  is  mainly  in  consequence 
of  this  that  the  Pre-Cambrian  rocks  are  exposed.  The  so-called 
intmsive  felstones  marked  here  on  the  Survey  Maps  are  part  of  the 
Pre-Cambrian  group,  and  are  not  intrusive  in  the  Harlech  rocks. 
They  are  highly  felsitic  rooks,  for  the  most  part  a  metamorphio 
series  of  schists,  alternating  with  harder  felsitic  bands,  probably 
originally  felsitio  ashes.  They  alternate  with  bands  of  purplish 
slates,  which  I  once  supposed  might  have  been  dro\^^Qd  «.vcvcswsi;^t» 
them  by  faults,  hut  which  I  now  think  a\«o  \i^\ox^  Vi  ^^  ^x^ 
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Cambrian  group,  as  in  the  Pebidian  rocks  at  St  Darids,  and 
elsewhere.  There  are  also  some  other  exposures  of  the  Pre-Cambrian 
rocks  in  the  adjoining  areas,  and  one  very  interesting  section  was 
carefully  examined  by  Prof.  Hughes  and  myself,  to  the  east  of  the 
Trawsfynnydd  road,  between  Caean  Cochion  and  Penmaen,  where 
the  Cambrian  conglomerates  could  be  seen  resting  unconformably 
upon  the  older  series,  and  large  masses  of  the  latter  found  plenti- 
fully in  the  conglomerates. 


yilL— On  the  Sandbtonvs  and  Grits  of  the  Lower  and  Middu 

Series  of  the  Bristol  Goal-field. 

By  Edward  Wkthbrbd,  F.6.S. 

THE  Bristol  Coal-fiold  is  noted  for  its  series  of  grits  and  sandstones, 
and  these  probably  have  their  equivalents,  in  the  South  Wales 
and  Forest  of  Dean  Coal-fields,  as  well  as  in  that  of  Somersetshire, 
lliey  serve  as  stratigraphical  landmarks ;  and  it  was  the  object  of 
the  paper  (1)  to  compare  the  grits  of  the  above  Cosil- field  with  one 
another,  with  a  view  of  ascertaining  whether  there  were  distinguish- 
ing features  which  might  enable  them  to  be  respectively  determined, 
and  assist  in  correlation.  (2)  To  examine  the  chemical  and  physical 
conditions.  (3)  To  note  changes  which  occur  when  rocks  are  in 
contact  with  carbonaceous  matter.  The  first  point  raised  was  the 
application  of  the  term  grit  and  sandstone.  The  author  confirmed 
the  statement  of  Mr.  Sorby,  in  his  presidential  address  to  the  Geo- 
logical Society  in  1880,  to  the  effect  that  the  Carboniferous  Sand- 
stones were  composed  of  angular  grains.  Of  those  examined  by  the 
author,  the  grains  of  the  Millstone  Grit  were  the  le^st  angular.  It 
was  also  pointed  out,  that  as  rocks  show  such  variation  of  coarseness 
in  the  same  deposit,  this  could  not  be  taken  into  consideration  as  a 
test  for  grit.  It  was  therefore  suggested  that  the  term  grit  should 
be  confined  to  those  rocks  which  show  angularity  of  grains,  irrespec- 
tive of  coarseness ;  and  the  term  sandstone  to  those  which  are  com- 
posed of  rounded  grains  (t.e.  from  which  the  angularity  has  been 
removed).  In  any  case,  the  term  grit  must  be  more  generally  ap- 
plied to  Carboniferous  rocks  than  has  been  the  case  hitherto. 

lieference  was  then  made  to  *  duns,*  which  was  defined  as  those 
Carboniferous  beds  intermediate  between  grit  or  sandstone  and  clay. 
In  mining  operations,  where  the  *  driving  *  of  branches  was  by  con- 
tract, questions  arose  between  employer  and  employed,  in  the  case 
of  *  hard  duns,'  as  to  whether  it  is  *  stone  *  or  *  duns,*  double  price 
being  paid  for  driving  in  the  former.  It  was  also  important  for 
geological  purposes,  in  the  construction  of  sections,  that  there  should 
be  an  easy  and  ready  test  for  this  determination.  ITie  author  sug- 
gested that  the  scratching  of  glass  would  be  a  suitable  one,  which 
would  represent  a  hardness  of  7  for  rock  which  scratches  glass. 

The  chief  deposits  of  rock  in  the  Coal-field  were  then  referred  to 

in  ascending  order,  commencing  with  the  Millstone  Grit.     Several 

samples  of  this,  takew  from  Braxvdon  Hill,  gave  from  97*4  to  98-5 

per  cent,  of  silica.    In  pVacfea  *\\.  *\^  m^^  ^oit  \ifvO«.-\sk»Ji\T^^^  heing 
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mixed  with  the  other  material  to  increase  the  proportion  of  silica. 
It  was  pointed  out  that  there  were  other  beds  higher  up  in  the  Coal- 
measures  which  would  do  equally  well,  and  in  some  cases  better,  for 
this  purpose.  The  paper  next  referred  to  the  *  Pennant  Grit.'  There 
is  considerable  difficulty  in  defining  the  limits  of  this  deposit,  but  it 
was  oertainly  not  2000  feet  thick,  as  some  authors  had  stated.  The 
paper  places  the  thickness  at  about  970  feet;  but  the  middle  or 
Pennant  series  of  Coal-measures,  so  called  on  account  of  the  Pennant 
being  so  extensively  developed  in  this  division,  was  about  2000  feet 
thick,  and  this,  probably,  was  the  origin  of  the  mistake  regarding 
the  thickness  of  the  Pennant. 

The  970  feet  of  rock  above  referred  to  as  the  Pennant  grit,  was 
only  entitled  to  that  name  as  a  local  distinction.  It  was  nothing 
more  than  an  extraordinary  development  of  a  local  measure  grit : 
the  '  Dexall  grit,'  of  the  lower  series,  for  instance,  was  quite  as  much 
a  '  Pennant,'  if  that  term  is  to  distinguish  a  certain  class  of  rock. 

After  a  careful  examination  of  the  rocks  of  the  Coal-field,  the  author 
had  come  to  the  conclusion  tliat,  owing  to  the  great  similarity  of 
Carboniferous  arenaceous  rocks  occurring  at  different  horizons,  there 
was  risk  of  serious  error,  in  relying  upon  them  for  correlation  or 
as  stratigraphical  landmarks.  The  proportion  of  silica  could  be 
sometimes  used  as  a  guide  in  determining  one  from  another,  but 
little  reliance  could  be  placed  on  it  over  a  large  area,  as  so  many  beds 
contained  nearly  the  same  amount. 

The  author's  analysis  showed  the  first  50  feet  of  the  Pennant  to 
contain  90  per  cent,  of  silica;  but  after  this,  for  a  considerable  thick- 
ness, '  good  Pennant '  varied  from  84  to  89  per  cent,  in  the  propor- 
tion of  silica  contained  in  it. 

The  paper  then  referred  to  changes  in  the  Carboniferous  rocks, 
when  in  contact  with  carbonaceous  matter.  The  author  found  that 
the  per-centage  of  alumina  increased,  and  this  mostly  as  a  silicate. 
By  comparing  the  analysis  of  duns  and  shale  from  the  district  with 
that  of  the  rocks,  the  same  constituents  were  found  to  be  present, 
the  great  difference  being  in  the  greater  proportion  of  alumina  in 
duns  and  shale.  As  a  rule,  the  latter  beds  were  to  be  found  near 
coal  ;  but  in  cases  where  rock  followed,  the  author  found  that  as  it 
neared  the  coal  it  became  more  fissile  and  argillaceous. 

This  change  was  ascribed  to  the  action  of  carbonic  acid  gas,  gene- 
rated by  decomposing  vegetation  on  silicates.  The  analysis  of  the 
rocks  given  showed  them  to  have  been  formed  from  the  denudation 
of  older  silicate  rocks,  and  the  action  of  carbonic  acid  on  such  sedi- 
ment would  be  to  readily  decompose  all  silicates  with  the  exception 
of  silicate  of  alumina,  which  would  thus  increase  in  proportion  to 
the  whole,  and  give  rise  to  beds  of  the  composition  of  duns  and 
shale. ^  To  this  cause  the  author  attributed  the  formation  of  the 
latter  deposits,  and  contended  that  although  they  may  occur  apart 
from  carbonaceous  matter,  there  is  no  proof  that  it  was  never  present, 
and  that  it  may  not  have  been  destroyed  by  decomposition. 

*  The  writer  is  not  now  dealing  with  the  h"ydTOcat\Kma  ^X^^^^  it^^  vscva^okm^ 
eontaia. 
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I. — Odoktornithvs  :  A  Monograph  on  the  Extinct  Toothed  BnM 
OF  North  America.  By  Prof.  0.  C.  ^Larsh,  F.G.S.,  of  Tale 
College.  ll^Iemoira  of  tho  Peaboily  Museum  of  Tale  College,  New 
Haven,  Connecticut,  1880.  Royal  4to.  pp.  202,  with  a4  Plates 
and  40  Woodcuts. 

THE  science  of  Palaeontology  is  deeply  indebted  to  ProfesBor 
0.  C.  Marsh  for  his  numerous  and  vsduable  contributious  to 
its  literature  on  the  American  Continent. 

What  ProfesKors  Owen  and  Burnieister  have  done  towards  the 
elucidation  of  the  South  American  Pleistocene  Edentata — Professor 
Marsh  has  accouiplished  for  a  far  wider  range  of  forms  and  of  forma- 
tions on  the  North  American  Continent. 

8o  long  ago  as  February,  1876,  we  published  an  interesting  ac- 
count in  the  pages  of  the  Geological  Magazine  (Decade  II.  Vol.  IIL 
pp.  49-53,  Plate  II.),  written  by  Prof.  Marsh  himself,  of  these  singju- 
lar  toothed  birds,  the  Ichthyomis  dispar.  Marsh,  the  Hesperomis 
regnlis,  Marsh,  and  the  Apatomis  celer,  Marsh,  all  from  the  Cretaceous 
beds  of  Western  Kansas. 

The  work  l)efore  us  is  the  long-anticipated  and  exhaustive  Mono- 
graph on  these  toothed  birds,  and  certainly,  as  a  scientific  publication, 
it  surpasses  any  which  have  already  appeared  devoted  to  palieon- 
tology. 

Would  that  our  own  Government  were  equally  alive  to  the  in- 
terests of  science !  Painful  indeed  is  the  comparison  between  the 
Memoirs  and  publiaitious  of  our  own  Survey  and  those  like  the 
"  Geolo^iciil  and  Geographical  Atlas  of  Colorado,"  by  Dr.  F.  V. 
Ilayden,'  with  its  magnificent  maps  and  plates — **  The  United  States 
Geoh)gical  Exploration  of  the  Fortieth  Parallel,  by  Clarence  King,"' 
with  lis  plates,  12  analytical  maps,  and  800  pages  of  letterpress— 
or,  Prof.  Marsh's  present  magnificent  Monograph,  intended  to  fonn 
Vol.  VII.  of  the  Publiwitions  of  the  Survey  of  the  40th  Parallel. 

Suhjoinrtl  is  un  alphabetical  list  of  all  the  spwies  of  birds  now  known  from  the 
Cretacfous  deposits  of  N(irth  AratTica.  Manv  of  those  are  represented,  at  present, 
only  by  frujrnitntary  n;niains,  their  near  afhnities  are  therefore  more  or  less  unrertain. 
The  list  contains  eij^ht  gmera  and  twenty  species. 


Apatoinis  ctli't\  Marsh,  1873. 
Ii"pfornis  adrcHUSj  ,,  1H77. 
Granilavus  vrlox^        ,,      1872. 


Irththyonna  irnttts,  Marsh,  1877. 
'■ —  tnuT,  ,,      1880. 


»> 


pnmih4H^  ,,         ,,                            rielor,  ,,  1876. 

Ht'sptrornts  irffiilis^  ,,          ,,  ,         Laomis  E(lvardnianu9^  ,,  1870. 
cra,sftiptsy  ,,  1876.  i        ralaotimga  littoraltSy  ,,          ,. 

(/ran/is^  ,,          ,,                             vayatut^  ,,  1873. 

IchthtfonuH  (iispar^  ,,  1873.  |        retu$,  ,,  1870. 

ai/iiiity  ,,         ,,                            Ttftnatornis  pri»cuSf  ,,         ,, 

anapsy  ,,  18<'2.  1        vffiniit^  ,,         ,, 

The  present  volume  is  the  first  of  a  series  of  Monographs  de- 
sij^ned  to  make  known  to  science  the  Extinct  Vertebrate  Life  of 
Korth  America.      In  the  investigation   of  this  subject,  the   writer 

^  See  Geol.  Mag.  1878,  Decade  II.  Vol.  V.    p.  365. 
^  2  s^^j.  (-EOL   Mao.  1879,  Decade  II.  Vol.  VI.  p.  467. 
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has  spent  the  past  ten  years,  much  of  it  in  the  field,  collecting,  with 
no  little  hardship  and  danger,  the  material  for  study,  and  the  rest  in 
working  out  the  characters  and  affinities  of  the  ancient  forms  of 
life  thus  discovered. 

During  this  decade,  the  field  work,  extending  from  the  Missouri 
Kiver  to  the  Pacific  Coast,  has  so  predominated,  as  the  subject  un- 
folded, that  a  plan  of  gradual  publication  became  a  necessity.  The 
more  important  discoveries  were  briefly  announced  soon  after  they 
were  made,  but  only  where  specimens  on  which  they  were  based 
admitted  of  accurate  determination.  The  principal  characters  of  the 
new  groups  were  next  worked  out  systematically  and  published, 
with  figures  of  the  more  important  parts.  When  the  investigation 
of  a  group  is  completed,  the  results,  with  full  descriptions  and  illus- 
trations, will  be  brought  together  in  a  monograph.  This  system  has 
been  carried  out  with  tlie  Odontomithes,  and  will  be  continued  with 
the  other  groups.  ITie  investigation  of  several  of  these  is  now  nearly 
completed,  and  the  results  will  soon  be  ready  for  publication. 

The  material  is  abundant  for  a  series  of  monographs  on  the  mar- 
vellous extinct  vertebrates  of  this  country,  and  the  results  already 
attained  are  full  of  promise  for  the  future.  A  somewhat  careful 
estimate  makes  the  number  of  new  species  of  extinct  vertebrates 
collected  since  1868,  and  now  in  the  Yale  College  Museum,  about 
1000.  Nearly  300  of  these  have  already  been  described  by  the 
writer,  and  some  have  been  noticed  or  descril)ed  by  other  authors, 
but  at  least  one-half  remain  to  be  investigated. 

Among  the  new  groups  brought  to  light  by  these  researches,  and 
already  made  known  by  descriptions  of  their  principal  chamcters, 
are  the  following,  which  will  be  fully  described  in  subsequent 
volumes  of  the  present  series. 

The  first  Pterodactyles,  or  flying  reptiles,  discovered  in  this 
country,  were  found  by  the  writer  in  the  same  geological  horizon 
with  the  OdontomiiheSy  described  in  the  present  memoir.  These 
were  of  enormous  size,  some  having  a  spread  of  wings  of  nearly 
twenty-five  feet ;  but  they  were  especially  remarkable  on  account 
of  having  no  teeth,  and  hence  resembling  recent  birds.  They  form 
a  new  order,  Fteranodontia,  from  the  type  genus  Pteranodon.  Of 
this  group,  remains  of  more  than  six  hundred  individuals  are  now  in 
the  Yale  College  Museum — ample  material  to  illustrate  every  im- 
portant point  in  their  osteology. 

With  these  fossils,  were  found  also  great  numbers  of  Mosasauroid 
reptiles,  a  group  which,  although  rare  in  Europe,  attained  an 
enormous  development  in  North  America,  both  in  numbers  and 
variety  of  forms.  Remains  of  more  than  fourteen  hundred  indi- 
viduals, belonging  to  this  order,  were  secured  during  the  explora- 
tions of  the  last  ten  years,  and  are  now  in  the  Museum  of  Yale 
College. 

The  most  interesting  discoveries  made  in  the  Jurassic  formation 
were  the  gigantic  reptiles  belonging  to  the  new  sub-order  Sauropoda, 
including  by  far  the  largest  land  animals  yet  discovered.  Another 
remarkable  group  of  large  reptiles  found  in  the  same  formation  were 
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the  Slegosaurtft.  Other  Dinosaare  from  the  same  horizon,  the 
"  Atlantosaiiriis  beds/'  show  that  this  was  the  dominant  form  of 
vertebnite  life  in  that  a^^e,  and  many  hundred  specimens  of  these 
reptiles  are  now  in  the  Yale  Mnsenm.  In  a  lower  horizon  of  the 
same  fiirmation,  the  ''Sauranodon  beds,"  were  found  the  remains  of 
a  peculiar  new  group  of  reptiles,  the  Sauranodontiaf  allied  to 
IchthyoHauruR.  but  without  teeth. 

In  the  Eocene  deposits  of  the  Rocky  Mountains  the  writer  dis- 
covered a  new  order  of  huge  mammals,  the  Dinoeerata,  Remains  of 
several  hundred  individuals  were  secured,  and  a  monograph  on  the 
group  will  follow  the  present  memoir.  In  the  same  formation  were 
found  the  remains  of  another  new  order  of  mammals,  the  Tillodantia, 
in  many  res(>ects  the  most  remarkable  of  any  yet  discovered.  In 
the  same  Eocene  deposits  were  secured  the  first  remains  of  fossil 
Primates  known  from  North  America,  as  well  as  the  first  Chiroptera^ 
and  Marsnpiatia.  Abundant  material  also  was  found  in  the  same 
region  to  illustrate  the  genealogy  of  the  Horse,  and  a  memoir  on 
this  subject  is  in  course  of  preparation. 

Tlie  remains  of  birds  are  among  the  rarest  of  fossils,  and  very 
few  have  been  discovered  except  in  the  more  recent  formations. 
According  to  present  evidence,  the  oldest  known  birds  were  im- 
bedded! in  the  Jurassic  deposits  of  Europe,  which  have  yielded  two 
individuals  belonging  to  the  genus  Arrhaopieryx,  so  well  preserved 
that  the  more  important  characters  can  be  determined.  The  only 
other  remains  of  birds  found  in  the  Mf  sozoic  formations  of  the  Old 
World  are  a  few  specimens  from  the  Cretaceous  of  England,  which 
are  too  fragmentary  to  throw  much  light  on  the  extinct  forms  they 
repn*heiit. 

The  earliest  traces  of  birds  hitherto  found  in  the  strata  of  this 
country  are  from  the  Cretaceous,  although  we  may  confidently 
predict  their  discovery  in  the  Junissic  beils,  if  not  at  a  still  lower 
horizon.  There  is  at  present  no  evidence  whatever  that  any  of  the 
thrte-toed  impressions  met  with  so  abundantly  in  the  Triassic  of  the 
Connecticut  Valley,  described  as  the  footprints  of  Birds,  were  made 
by  Birds  ;  and  the  proof  now  seems  conclusive  that  nearly  all  of 
them  are  the  tracks  of  Diuosaurian  reptiles,  bones  of  which  occur 
in  the  same  deposits. 

In  the  Cretaceous  beds  of  the  Atlantic  coast,  and  especially  in  the 
Green-sand  region  of  New  Jersey,  various  remains  of  birds  have 
been  found,  and  described  by  the  writer.  These  fossils,  although 
often  in  excellent  ])reservation,  occur  mainly  as  isolated  bones,  and 
hence  their  near  affinities  have  not  as  yet  been  determined  with 
certainty. 

Along  the  eastern  slope  of  the  Rocky  Mountains,  and  especially 
on  the  a^ljoining  plains  in  Kansas  and  Colorado,  there  is  a  series  of 
Cretaceous  strata  remarkably  rich  in  vertebrate  fossils.  ITie  deposits 
are  all  marine,  and  away  from  the  mountains,  they  lie  nearly 
horizontal.  They  have  suffered  much  from  erosion,  and  are  still 
wasting  away,  especially  along  the  river  valleys.  These  beds 
consist  mainly  of  a  hue  yellow  Chalk  aud  Calcareous  shale,  both 
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admirably  adapted  to  preserve  delicate  specimens,  and  here  have  been 
found  the  extinct  Birds  which  form  the  subject  of  the  present 
memoir. 

The  geological  horizon  of  the  known  Odoniomithes  is  in  the 
Middle  Cretaceous,  and  corresponds  to  the  strata  named  by  the 
writer  the  **  Pteranodon  beds."  The  latter  are  included  in  sub- 
division number  three  in  Meek  and  Hay  den's  section.  The  accom- 
panying fossils  are  Mosasauroid  reptiles,  which  are  very  abundant ; 
Plesiosaurs,  allied  to  Pliosaurus,  Pterodactyles,  of  the  genus  Ptera- 
nodon ;  and  many  fishes.  With  these  occur  RudxBieB^  and  occasionally 
Ammonites,  Belemnites,  and  various  other  Cretaceous  invertebrates. 

The  first  bird  fossil  discovered  in  this  region  was  the  lower  end  of 
the  tibia  of  Hesperornia,  found  by  the  writer  in  December,  1870, 
near  the  Smoky  Hill  River  in  Western  Kansas.  Specimens  belong- 
ing to  another  genus  of  Odontomithea  were  discovered  on  the  same 
expedition.  The  extreme  cold,  and  danger  from  hostile  Indians, 
rendered  a  careful  exploration  at  that  time  impossible. 

In  June  of  the  following  year,  the  writer  again  visited  the  same 
region,  with  a  larger  party  and  a  stronger  escort  of  United  States 
troops,  and  was  rewarded  by  the  discovery  of  the  skeleton  which 
forms  the  type  of  Hesperomia  regalia,  Marsh.  Various  other  remains 
of  Odontomithea  were  secured,  and  have  since  been  described  by  the 
writer.  Although  the  fossils  obtained  during  two  months  of  explora- 
tion were  important,  the  results  of  this  trip  did  not  equal  our 
expectations,  owing  in  part  to  the  extreme  heat  (110°  to  120® 
Fahrenheit,  in  the  shade),  which,  causing  sunstroke  and  fever, 
weakened  and  discouraged  guides  and  explorers  alike. 

A  considerable  part  of  these  Cretaceous  deposits  still  remained 
unexplored,  and  in  the  autumn  of  1872,  a  third  expedition  through 
this  territory  was  undertaken  by  the  writer,  with  a  small  party. 
Additional  specimens  of  much  interest  were  secured,  including  the 
type  of  the  genus  Apatomia  and  one  nearly  complete  skeleton  of 
Hesperomis, — an  ample  reward  for  the  hardship  and  danger  incurred. 

The  specimens  thus  secured  by  these  various  expeditions  have 
since  been  supplemented  by  important  additions  collected  in  the 
same  general  region  by  different  parties  equipped  and  sent  out  by 
the  writer,  who  no  longer  could  give  his  personal  supervision  to 
work  in  that  field.  The  fossil  birds  procured  in  this  region  since 
1870,  by  these  different  expeditions,  include  remains  of  more  than 
one  hundred  different  individuals  of  Odontomithea,  These  are  all 
in  the  Museum  of  Yale  College,  and  form  the  material  on  which  the 
present  volume  is  based. 

A  study  of  this  extensive  series  of  bird  remains  brings  to  light 
the  existence  in  this  class  of  two  widely  separate  types,  which  lived 
together  during  the  Cretaceous  period  in  the  same  region,  and  yet 
differed  more  from  each  other  than  do  any  two  recent  birds.  Both 
of  these  types  possessed  teeth,  a  character  hitherto  unknown  in  the 
class  of  birds,  and  hence  they  have  been  placed  by  tlie  writer  in  a 
separate  sub-class,  the  Odontomithea.  One  of  these  groups  includes 
very  large  swimming  birds,  without  wings,  and  with  the  teeth  in 
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gTDOves  {Odonioha),  and  is  represented  by  the  genus  ITesperornit, 
llie  other  contains  small  birds,  endowed  with  great  powers  of  flight, 
and  having  teeth  in  sockets  {Odontotorma)^  and  biconcave  vertebne; 
a  type  best  illustrated  by  the  genus  Ichthyomn,  Other  chacacten, 
scarcely  less  im[K)rtant,  appear  in  each  group,  and  we  have  thus  a 
vivid  picture  of  two  primitive  forms  of  bird  structure,  as  unexpected 
as  they  are  suggestive.  A  comparison  of  these  two  forms  with  each 
other,  and  with  some  recent  birds,  promises  to  clear  away  many  diffi- 
culties in  the  genealogy  of  this  class,  now  a  closed  type ;  and  hence 
they  are  well  worthy  of  the  detailed  description  and  full  illustration 
here  devoted  to  them. 

llie  fossil  birds  now  known  from  the  Cretaceous  deposits  of  this 
country  are  included  in  nine  genera,  and  twenty  species.  These 
have  ail  been  described  by  the  writer,  and  are  represented  at  present 
by  the  remains  of  about  one  hundred  and  fifty  different  individuals. 
There  is  evidence  of  a  rich  and  varied  Avian  fauna  in  North  America 
during  Mesozoic  time,  and  likewise  it  indicates  what  may  be  expected 
from  future  discoveries. 

We  heartily  thank  Prof.  Marsh  for  this  grand  work,  and  shall 
look  forward  with  great  pleasure  to  the  issue  of  the  succeeding 
volumes  of  the  Peabody  Memoirs  on  the  extinct  Pteranodontia,  the 
Sanropoda,  the  Sauranodontia ;  the  Dinocerata,  the  Tillodoniia,  and 
the  ancestors  of  our  living  Horse. 

II. — A  Monograph  op  the  Fossil  Corals  and  Aloyonaria  op 
SiND.  Collected  by  the  Geological  Survey  of  India.  By  P.  M. 
Duncan,  M.B.  (Lond.),  F.H.S.  (London  :  Taylor  &  Francis, 
1880.) 

IN  their  great  work  on  the  Nummulitic  Group  of  India  (1853), 
MM.  d'Archiac  and  J.  Haime  fully  described  and  figured  a 
series  of  fossil  corals  from  Sind»  but  their  strati  graphical  position 
and  localities  were  not  strictly  determined,  and  they  were  merely 
referred  to  the  Nummulitic  formation,  of  the  Hala  Mountains. 
Prof.  Duncan  re-examined  this  collection  in  1863,  and  published 
the  results  in  the  Journal  of  the  Geological  Society  (1804),  and 
described  the  new  species  in  the  Annals  of  Natural  History  for  the 
same  year.  The  collection  forming  the  subject  of  the  present 
Monograph  is  due  to  the  labours  of  Messrs.  W.  T.  Blanford  and 
Fedden,  who  have  carefully  recorded  the  geological  position  and 
localities  from  whence  the  specimens  were  obtained,  so  that  we  are 
now  furnished  with  clear  descriptions  of  the  species  from  the  coral- 
bearing  series  of  Sind,  and  their  relations  to  the  representative  forms 
elsewhere — a  comparison  which  the  author's  previous  researches 
have  enabled  him  more  readily  to  make. 

The  classification  followed  in  the  Monograph  is  principally  that 
adopted  by  M.  Edwards  and  J.  Haime  with  some  modifications,  the 
result  of  the  experience  of  zoophytologibts  since  that  book  was 
published.     Tlie   larger  number   of  the  136  species  of  corals  de- 

ibed  belong  to  the  Madreporaria-aporosa,  and  the  rest  to  tbe 
iporaria-perforata. 
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Accordingly  to  Prof.  Duncan  these  corals  form  five  very  natural 
faunas,  and  that  of  each  geological  series  is  separable  from  the 
others,  community  of  species  being  exceptional,  only  one  species  is 
found  to  be  common  to  more  than  one  series,  lliese  five  faunas 
are:  the  Cretaceous  (below  the  Trap),  the  Nummulitic  (Kanikot), 
the  Upper  Nummulitic  (Khirthar),  the  Oligocene  (Nari),  and  the 
Miocene  (Gaj)  series. 

The  geneml  geology,  palaeontology,  and  strati  graphical  relations 
of  the  Coralliferous  series  of  Sind  (pp.  3-14),  are  chiefly  abstracted 
from  the  "  Manual  of  the  Geology  of  India,"  by  Messrs.  Medlicott 
and  W.  T.  Blanford,  and  other  memoirs  of  the  latter  author. 

With  regard  to  the  distribution  of  the  136  species  of  corals  in  the 
above  five  divisions.  Prof.  Duncan  records  9  from  the  Cretaceous, 
60  from  the  Ranikot,  16  from  the  Khirthar,  20  from  the  Nari,  and 
41  from  the  Gaj  series. 

Of  the  Cretaceous  corals  the  most  numerous  are  the  Litharseae, 
next  the  Caryophylliae,  and  then  the  Smilotrochi ;  the  facies  of  the 
fauna  is  more  Eocene  than  Cretaceous.  "Taken  as  a  fauna,  this 
assemblage  of  species  does  not  indicate  the  conditions  sufficient  to 
form  a  coral- limestone.  A  shallow-sea  formation,  where  the  corals 
lived  under  not  very  favourable  conditions,  occurred."  Of  the  50 
corals  from  the  Ranikot  series,  7  species  are  identical  with  those 
from  European  Eocene  deposits  containing  Num,  planulatm  and 
Cerithium  giganteum,  and  5  are  closely  allied  to  those  from  the 
same  deposits  or  on  slightly  higher  horizons. 

Three  of  the  16  species  found  in  the  Khirthar  series  are  common 
to  it  and  the  European  and  West  Indian  Eocene,  and  three  are  allied 
to  others  in  Europe.  Of  the  20  species  from  the  Nari  series,  five  are 
found  in  the  Upper  Nummulitic  and  Oligocene  of  Europe,  and  one 
occurs  at  a  higher  horizon. 

The  41  species  from  the  Gaj  series  belong  both  to  ancient  and 
modem  genera,  but  there  are  no  recent  species.  *'  Tlie  absence  of  so 
many  of  the  modern  genera  of  the  Pacific  and  Red  Sea,  considered 
with  the  evident  antiquity  of  many  of  the  genera,  indicates  a  Miocene 
age.  Many  of  the  forms  are  representatives  of  the  West  Indian 
Miocene." 

Prof.  Duncan  remarks,  "Not  only  has  the  examination  of  the  fossil 
corals  lately  obtained  by  the  Geological  Survey  of  India  from  Sind 
added  to  the  number  of  the  Eocene  species,  but  it  also  indicates  that 
there  is  an  upper  series  of  coralliferous  strata  which  merits  the  title 
of  Oligocene.  Again,  other  species  clearly  prove,  what  was  formerly 
suggested  was  probably  the  case,  that  an  important  Miocene  coral- 
fauna  lived  on  the  same  area  as  that  which  had  been  previously 
occupied  by  the  earlier  Tertiary  forms." 

This  monograph  will  therefore  form  a  valuable  addition  to  the 
"  Pala3ontologia  Indica,"  and  enable  the  zoophytologist  to  study  the 
species  from  the  successive  coralliferous  series  of  Sind  and  their  re- 
lation to  the  coral-faunas  from  presumed  similar  geological  horizons 
in  Europe,  Java,  Australia,  and  the  West  Indies.  J.  M. 
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POST-GLACIAL. 

Sir. — In  your  Angiist  Number,  my  friend  and  colleague  Mr.  H. 
B.  Woodward  reasserts  that  EUphas  antiguus.  E.  primigenius,  etc., 
are  not  known  from  heds  whose  age  is  certainly  Post-Glacial. 

Regarding  the  valley  of  the  Thames  as  entirely  posterior  to  tbe 
latest  trace  of  glacial  conditions  in  Britain,  I  must  regard  the  lower 
terraces,  which  contain  the  fauna  in  question,  as  very  late  Post- 
Glacial  de]X)8it8,  and  I  think  tliat  some  of  those  in  the  Colchester 
district,  certainly  that  at  Lezden,  are  still  more  recent. 

But  leaving  the  Thames  valley  out  of  the  question,  the  Colne 
valley  and  the  Lexden  deposit  therein  settle  the  age  of  the  fauna 
we  have  to  deal  with.  The  country  cjnsists  of  London  Clay,  with 
a  thin  irregular  coating  of  gravel  (Middle  Glacial)  and  an  upper 
coating  of  the  Chalky  Boulder  Clay,  to  which  formation  none  who 
have  duly  examined  it  assign  other  than  a  marine  origin.  The 
Colne  valley  cuts  through  the  Glacial  beds  into  the  London  Clay, 
and  its  bottom  is  occupied,  as  usual,  with  alluvial  meadows.  A 
few  feet  above  the  alluvium,  there  occur  at  intervals,  on  either  side 
of  the  valley,  remnants  of  older  alluvial  terraces,  consisting,  like 
the  modern  ones,  of  gravel,  loam,  peat,  etc. 

That  at  Lexden,  at  not  more  than  40  feet  above  the  present  river- 
bed, furnished  remains  of  the  two  Elephants  named  above,  and  of 
insects  indicating  a  warmer  climate  than  the  present.  The  Chalky 
Boulder  Clay  is  to  my  mind  the  last  scene  of  the  Glacial  Period  in 
Britain,  the  Hessle  Clay  being,  so  to  speak,  the  last  speech  in  that 
scene,  so  that  the  Colne  valley  is  wholly  Post-Glacial,  still  more  so 
its  deposits.  Paheolithic  Man  lived  on  its  slopes  and  doubtless  slew 
the  deer  and  other  game,  whilst  the  burnt  stone  found  in  the  Lexilen 
brickearth  seems  to  indicate  that  an  ancestor  of  the  immortal  Sover 
was  in  the  neighbourhood  when  Iilephas  primigeniuSy  approaching 
his  favounte  drinking  place  in  the  swan)ps  of  the  Colne,  incautiously 
**put  his  foot  in  it,"  and  remained,  till  Mr.  Fisher  found  him,  a 
standing  warning  to  those  who  are  insufficiently  acquainted  with  the 
nature  of  Post-Glacial  deposits  to  confine  themselves  to  more  solid 

ground.  W.  H.  Dalton. 

25,  Portland  Street,  Newark. 

An  Anonvmous  Correspondent  has  fowarded  us  the  following  List  of  papers  not 
uad  at  the  l{riti^h  Association,  Swansea. 

Itaimay.     ( )n  the  ( )eciirreuce  of  masses  of  baked  pudding-stone  in  an  old  Lake-Basin. 
riiifjiUif.     Discover}'  of  Puntield  Jii-ds  in  anotlier  Cavern  near  Torquay. 
irhitckcr.     The  Perfetrtion  ol  the  Geological  Record. 
Ihitvkim.     Early  Mnn  in  French  Ix'ds. 
Lee.     Another  (.-ove  with  fishes  in  the  Old  Red  Sandstone. 
Ptrci/.     The  Use  of  the  Divining  Rod  on  the  Geological  Survey. 
Barntt.     Spirit-levelling  :  its  application  in  a  geological  section. 
HhU  and  Kinahnn.     On  Faults  and  Disturbances  in  Ireland. 
Hicks.     A  L<Kh?  on  Saddle-back. 
CioU.     Ri- Cycles  and  Geological  Time. 
Jiuniaby.     1  lie  Distribution  of  the  Cockle  in  past  times. 
'Taylor.     Half-hour's  knapping  in  a  Chalk-pit. 

Ehuati'M.— Geol.  Mao.  for  July,  1880^  page  301,  line   2,  for  Port  Di/ioricie 
rend  Carnarvon, 


Geo!  M^g  1880 


A3  Foard  i,\  m 


CoraEia-Ti.  GaaXeroyAa.\'&cSt&mc%. 


THE 

GEOLOGICAL    MAGAZINE. 

NEW    SERIES.      DECADE    II.    VOL.    VII. 


No.  Xn.<-DECE])irBEB,  1880. 


I. — Contributions  to  the  pALiBONTOLOGY  or  the  Yorkshire 

Oolites.' 

PART  V. 
By  Wilfrid  H.  Hudleston,  M.A.,  F.G.S.,  V.P.G.A. 

(PLATE  XVII.) 

28. — Nerin^a  pseudovisurois,  sp.n.     PI.  XVII.  Fig.  1. 

J)e8cription, — Specimen  from  the  Coralline  Oolite  of  Pickering 
(Leckenby  Collection). 

Length  (full)     83  millimetres. 

Width(full) 17        „ 

Length  of  last  whorl  to  entire  shell  23  :  100 

Spiral  angle 14**. 

Shell  moderately  elongate,  conical,  solid.  Spire  formed  of  an 
angle  very  nearly  regular.  The  whorls  are  numerous  and  of  mode- 
rate height  The  posterior  whorls  in  this  specimen  have  suffered 
from  abrasion.  They  are  nearly  flat,  and  the  ornaments  were  ap- 
parently similar  to  those  in  the  central  part  of  the  shell.  The  orna- 
ments on  the  anterior  whorls,  if  ever  they  existed,  are  for  the 
most  part  obliterated,  but  the  nodular  character  of  the  rim  at 
the  base  of  each  whorl  is  still  shown ;  these  whorls  are  moderately 
excavated.  The  ornaments  on  the  portions  preserved  in  the  centre 
are  as  follows.  Each  whorl  is  slightly  depressed  in  the  middle, 
and  closely  fitted  on  to  the  next  by  a  raised  nodular  rim  :  that 
rim  which  is  at  the  base  of  each  whorl  is  by  far  the  most  nodular. 
Five  transverse  rows  of  granulations,  the  three  centre  ones  being 
the  strongest,  fill  up  the  space  between  the  rims. 

The  outer  lip  is  broken  away  posteriorly,  but  the  general  shape  of 
the  aperture  is  trapezoidal  to  quadrate,  with  a  considerable  prolonga- 
tion of  the  canal  anteriorly. 

Relations  and  IHstrihution, — It  is  quite  clear  that  this  species  is 
pretty  near  to  N,  visurgia.  The  chief  differences  are^irsilyy  this 
form  is  more  elongate.  The  spiral  angle  in  Eoemer's  figure  of  N, 
visurgis  is  19°,  and  D'Orbigny  gives  it  as  20°.  Secondly,  ours  is  a 
more  highly  ornamented  shell:  Boemer's  description  is  not  very 
close,  but  his  figure  only  shows  two  rows  of  transverse  granulations 
in  the  middle  portion  of  the  whorl.  It  may  be  convenient  to  lump 
all  these  shells  under  the  general  title  of  N,  vUurgis,  including  even 
such  sttimpy  forms  as  N,  castor,  but,  whatever  names  we  give,  such 
marked  differences  should  at  least  be  pointed  out.  Still  if  we  must 
seek  for  the  nearest  foreign  relations  of  the  Yorkshire  Nertnaa,  I 

*  Continued  from  the  Noyembor  Number,  p.  488. 
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should  prefer  N.  speciosa,  Yoltz,  as  identified  bv  I>*Orbignj  (Terr. 
Jurass.  vol.  ii.  p.  128,  pi.  269,  figs.  1  and  2),  or  if.ettcilia,  D*Orbigny 
(vol.  ii.  p.  131,  pi.  272,  figs.  1-4).  The  general  outline  and  angular 
measurements  of  these  species — especially  of  the  latter,  which  only 
differs  in  some  details  of  ornament — are  far  nearer  to  those  of  our 
shell  than  are  the  dimensions  of  Boemer's  species,  with  which  it  has 
hitherto  been  identified. 

We  ought  to  bear  in  mind  that  the  base  of  the  Coralline  Oolite  of 
Pickering,  where  N.  pseudoviBurgin  most  frequently  occurs,  belongs 
to  beds  which,  in  France,  would  be  classed  as  Oxfordian.  It  also 
occurs  towards  the  top  of  the  Coralline  Oolite  at  Ay  ton  and  Searoer, 
where  there  is  perhaps  another,  though  somewhat  similar  species. 
Loss  frequent  in  the  Howardian  Hills.  Often  associated  with 
Chemnitzia  JTeddingtonenns.  The  cast  (PL  XVll.  Fig.  5)  may 
represent  an  internal  mould  of  this  species. 

29.— -Nerin^a  Rcemkri,  Philippi,  1837.     Plate  XVIL  Figs.  2a,  b, 

Xerifuea  fasriata,  in  K(£mer*8  Ool.  Geb.  1836,  p.  144,  pL  xi.  fig.  31. 
^'erinaa  Rcemtri^  Philippi,  Neues  Jahrb.  1837,  p.  294,  pi.  ill.  figs.  1  and  2 ;  Gold- 
fuss,  Petrefac.  Tab.  176,  fig.  5. 

Bibliography^  etc, — The  NerincBa  fasciata  of  Yoltz  (Neues  Jahrb. 
183G,  p.  542,  pi.  vi.  fig.  21)  is  supposed  to  be  different  from  Boemer's 
N.  fasctata,  as  quoted  in  the  Nordd.  Ool.  G^birges.  Brauns  (Obere 
Jura,  p.  208)  reunites  them.  The  Yorkshire  shell  in  question  tallies 
with  Goldfuss's  figure,  but  the  form  is  abundant,  and  doubtless 
slight  variations  have  been  productive  of  many  names.  D'Orbigny's 
representation  of  N.fasciata,  Voltz  (Terr.  Jurass.  vol.  ii.  p.  121,  pi. 
268,  figs.  3  and  4),  is  not  at  all  like  the  Yorkshire  species  now 
under  consideration.  The  figure  in  D'Orbigny  which  most  re- 
sembles elongate  specimens  of  the  Yorkshire  species  is  N,  AUica 
(op.  cit.  p.  98,  pi.  255)  from  the  Oolitic  Limestone  of  the  Upper 
Oxfordian,  Trouville.  This  is  probably  Bean's  "allongiuscula"  in 
part. 

Description. — Fragment  from  the  Corallian  of  Yorkshire,  with 
ornaments  well  preserved.     Matrix  oolitia     (Leckenby  Collection.) 

Spiral  angle  about  6"*.  Shell  narrow,  cylindrical.  The  whorls  fit 
closely  to  each  other,  and  are  but  little  depressed  in  tho  centre. 
Tlie  bounding  rim  of  each  whorl  is  slightly  raised  so  as  to  produce 
a  salient  belt,  devoid  of  tuberculation.  Within  this  space  are  sir 
transverse  costro.  The  second,  fourth,  and  sixth  of  these  rows  are 
the  strongest,  and  most  tuberculated :  the  first  and  fifth  are  little 
more  than  faint  lines. 

Relations  and  Distribution, — The  species  referred  as  above,  or 
something  very  like  it,  is  by  far  the  most  widely  spread  and  abundant 
of  tliis  genus  in  the  Corallian  rocks  of  Yorkshire,  ranging  as  it  does 
from  the  Oolite  of  the  Lower  Limestones  (see  generalized  scheme, 
pp.  24G,  247)  through  the  whole  of  the  Coralline  Oolite  into  the 
Coral  Bag.  Thus  it  is  both  Oxfordian  and  Corallian.  The  follow- 
ing remarks  of  D'Orbigny,  with  reference  to  his  Nerimea  AUica,  may 
be  quoted. 
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"tTavais  d'abord  pense  que  cette  esp^oe  6tait  identique  au  N. 
Jlcsmeri,  Philippi  (N.  faaciata,  Roemer,  non  Yoltz),  mais  j'ai  re- 
oonnu  qae  oe  sont  deux  esp^ces  distinctes,  la  noire  ayant  6  cotes 
toutes  tuberoulenses,  tandis  que  le  N,  Ecemeri  a  des  cotes  altema- 
tivement  tuberculeuses  et  simple."  This  is  driving  matters  very 
dose  indeed.     D*Orbigny  gives  the  opening  of  the  spiral  angle  at  3*". 

30. — Nerinjba,  sp.     Plate  XVII.  Figs.  3a,  h. 

Description, — Specimen  from  the  Coral  Bag  of  Langton  Wold 
(my  Collection). 

Spiral  angle,  average  about  .5^  Shell  extremely  elongated, 
cylindrical.  The  average  angle  to  be  deduced  from  the  imperfect 
specimen  is  about  5^  but  was  probably  less  towards  the  apex.  The 
bounding  rim  of  each  whorl  is  scarcely  at  all  raised  (Fig.  36),  and 
is  devoid  of  tuberculations :  tbe  suture  is  tolerably  distinct.  Within 
the  space  inclosed  between  the  upper  and  lower  flattened  rim  are 
three  rows  of  granulated  costas,  of  which  the  middle  one  is  slightly 
the  strongest 

delations  and  Distribution. — Not  much  can  be  made  out  of  such 
a  fragment  by  way  of  accurate  comparison.  The  nearest  figured  form 
is  N.  subtrieincta,  D*Orhigny  (Terr.  Jurass.  vol.  ii.  p.  130,  pi.  271,  figs. 
8-10).  The  dimensions  agree  pretty  well,  but  in  the  French 
specimen  the  upper  and  lower  edges  or  rims  of  the  whorl  are  tuber- 
culated. 

It  is  by  far  the  longest  and  narrowest  of  the  Yorkshire  Nerinasas, 
and  ill-preserved  fragments,  showing  it  to  harve  attained  a  great 
length,  are  to  be  met  with  in  the  Coral  Bag  of  the  Howardians.  It 
may  in  part  be  the  "  allongiuscula "  of  Bean,  but  whatever  the 
designation  it  is  a  totally  different  species  from  the  one  described  as 
N.  Roemeri  (Plate  XVII.  Fig.  2). 

31. — Nekinaa  Goodhallii,  Sowerby,  1836.     Plate  XVII.  Fig.  4. 
Nerin/ea  QoodhalUu  Sowerby  in  Fitton,  G  T.  2  ser,  vol.  iv.  pi  348,  tab.  23,  fig.  12. 

Bibliography,  etc. — Sowerby's  specimen  was  from  the  Corallian 
of  Weymouth,  where  it  is  one  of  the  characteristic  fossils  of  the 
Tri^onia-beds.  The  average  spiral  angle  of  his  figure  is  10°.  His 
description  is  very  brief ;  "  Turrited,  smooth  ;  whorls  numerous,  half 
as  long  as  they  are  wide,  concave.  There  are  three  plaits  in  the 
interior,  one  upon  the  columella,  one  opposite  to' it,  and  one  above 
within  the  whorl :  aperture  rhomboidal." 

Description, — Specimen  from  the  Coral  Rag  of  Yorkshire  (Collec- 
tion of  the  Yorkshire  Philosophical  Society). 

Length,  estimated 135  millimetres. 

Greatest  width 19        „ 

Spiral  angle,  average  , , 10**. 

Shell  elongated,  conical,  turrited.  The  portion  of  the  spire  pre- 
served is  composed  of  whorls  which  increase  under  a  regular  angle  of 
10°.  They  are  much  excavated,  and  proportionately  raised  at  either 
margin.  On  the  posterior  margin  there  is  no  decided  rim,  but  the 
anterior  margin  of  each  whorl  developes  a  very  strong  rim,  which 
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displays  a  moderate  degree  of  tnberculation  (a  little  worn  away 
perhaps).  Otherwise  the  whorls  are  without  ornament,  beyond  an 
appearance  of  fine  transverse  striation,  in  that  portion  of  the  spire 
which  remains.  Suture  very  close  and  rather  oblique.  The  aper- 
ture is  imperfectly  shown. 

Relations  and  DiBtribution. — The  representative  species  in  France 
is  i^.  Defrancii,  D'Orb.  (Terr.  Jurass.  vol.  ii.  p.  108,  pL  262.  figs. 
1  and  2),  but  that  is  a  wider  shell,  having  a  spiral  angle  of  lo^  It 
is  stated  to  be  the  most  common  of  Corallian  age  in  that  country. 
A  nearer  relative  is  N.  tubereuloBaj  Roemer  (Ool.  Geb.  p.  144^  tab. 
xi.  fig.  29),  which  occurs,  according  to  Brauns  (Obere  Jura,  p.  206), 
in  the  Lower  and  Middle  Kimmeridge  of  North-west  Germany. 
It  would  hardly  do  to  aver  that  N.  Goodkallii  and  N,  tvberculosa  are 
synonyms,  but  the  Yorkshire  specimen  under  consideration  has 
points  of  resemblance  with  each,  and,  if  less  worn  specimens  could 
be  procured  with  a  stronger  tuberculation,  the  resemblance  to 
Roemer's  species  would  be  still  more  striking. 

Tlie  species  is  very  rare  in  Yorkshire.  ITie  only  other  specimen 
known  to  me  was  formerly  in  the  cabinet  of  a  Malton  ooUector. 
Both  probably  came  from  the  Coral  Rag  of  the  Howardians. 

Genus  Alaria,  Morris  and  Lycett,  1850. 

This  genus,  so  characteristic  of  the  Mesozoic  rocks,  is  very  poorly 
represented  in  the  Yorkshire  Corallian.  One  well-known  and 
widely-spread  form  is  moderately  plentiful  in  the  lower  beds.  This 
is  the  essentially  Oxfordian  species  Alaria  hispinosa,  Phillips. 

A  few  ill -preserved  specimens  of  one  or  two  other  species  have 
been  obtained  from  the  Coral  Bag,  but  neither  in  public  museums 
nor  in  private  collections  is  there  anything  which  it  would  be  safe  to 
name  or  interesting  to  figure.  In  the  South  of  England  the  Coi"al- 
lian  rocks  are  somewhat  richer  in  this  respect. 

32. — Alaria  bispixosa,  Phillips,  1829.     Plate  XVII.  Figs.  6a,  6,  c. 

Rosttllaria    bispitioaay    I'hillips,    Geology  of   Yorkshire,    1829,    tab.    iv.    fig.  32, 

':  tab.  vi.  %.  13. 
Fierocfra  Oasgiope,  D'Orbiiniy,  1847,  l^od.  do  Pal.  Stmt.  vol.  i.  p.  356. 
Alaria  Caasiope^  D'Orbi^rny,   Continuation  de  la  Pal.  Fraucj.  (Piette),   Ire  sine, 

p.  l.)4,  pi.  xxiv.  figs.  1-4. 

Bibliography,  etc. — The  original  figure  by  Phillips  is  characteristic, 
but  being  unaccompanied  by  description,  has  left  room  for  doubt, 
more  especiall}'  since  the  author  gave  the  same  name  to  a  similar 
fossil  found  in  the  Kelloway  Rock  of  Scarborough.  D'Orbigny 
calls  this  latter  Pt,  armigera.  It  is  figured,  etc.,  in  the  Continuation 
de  la  Pal.  Fran^.  (p.  110,  pi.  22,  figs.  1-6)  as  ^4laria  cochleaiat 
Quenst.  The  author  (p.  113)  states  that  it  is  closely  allied  to 
Alaria  trifiday  Phil.,  and  further  observes  that  "  we  cannot  conceal 
from  ourselves  that  these  different  fossils  belong  to  an  identical  type 
which  is  perpetuated  throughout  the  ages,  receiving  at  each  epoch 
corresponding  to  a  stage  some  very  slight  modifications." 

No  words  could  describe  the  true  state  of  things  more  accurately 
than  these,  and  they  go  to  show  the  unequal  value  of  specific  names 
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in  such  a  case  as  that  of  Alaria  htspinosa — a  common  form,  first 
noticed  by  Phillips  in  the  Lower  Calcareous  Grit  of  Yorkshire,  but 
which  may  be  found  with  more  or  less  modification  in  other  forma- 
tions of  the  Jurassic  period. 

Description  (Figs.  ^Oy  b). — Specimen  in  a  hard  blue  gi'itty  lime- 
stone, said  to  be  from  the  "  Coral  Rag "  of  Pickering,  but  more 
probably  from  one  of  the  blue  beds  of  the  Lower  or  Middle  Cal- 
careous Grit  of  that  locality  (Jermyn  St.  Museum). 

Len^,  excluding  canal  . . . .  ^ 18  millimetres. 

"Width  of  last  whorl  without  wing     9        „ 

Spiral  angle 32**. 

Shell  moderately  elongated,  strongly  tnrrited.  Spire  composed  of 
about  ten  whorls  (apex  broken  off).  The  whorls  posterior  to  the 
penultimate  increase  under  a  pretty  regular  angle,  averaging  82®,  and 
present  a  well-marked  keel  towards  the  lower  third.  The  penulti- 
mate increases  rather  suddenly  and  with  a  proportionate  develop- 
ment of  keel.  The  body- whorl  still  further  increases  and  developes 
a  very  strong  keel  or  varix,  to  which  a  second  or  anterior  keel  is 
subordinate.  These  probably  support  a  two-fingered  wing,  which 
itself,  together  with  the  aperture,  is  concealed  in  matrix. 

The  ornaments  on  the  whorls  consist  of  very  fine  transverse 
lines  (Fig.  66),  in  some  cases  slightly  granulated.  This  kind  of 
ornament,  only  noticeable  in  a  well-preserved  specimen,  pervades 
the  entire  shell,  and  slightly  decussates  with  faint  lines  of  growth. 
The  principal  keel  is  a  little  fretted. 

Fig.  6c. — Specimen  from  the  Lower  Calcareous  Grit  of  Cayton 
Bay  (Leckenby  Collection).  As  regards  the  fine  striations  this  is  in 
an  inferior  state  of  preservation.  The  anterior  keel  of  the  body- 
whorl  is  perhaps  a  little  stronger  than  in  the  other  specimen. 

Helationa  and  Distribution, — The  relations  of  this  species  have 
already  been  partially  indicated.  Piette  observes  (op.  dt,  p.  155) 
that  it  is  distinguished  from  others  of  the  same  genus  by  the 
prominence  of  the  keels.  In  France,  its  head -quarters  are  in  the 
"  oolithe  ferrugineuse,"  at  Neuvisy,  Viel- Saint- Remy,  etc.  In  Ger- 
many Chenopus  bispinosua,  Phil.,  is  quoted  by  Brauns  {Ob.  Jura^ 
p.  185),  from  the  Heersumer  Schichten  {perarmatua-zone)  of  N.W. 
Germany. 

In  Yorkshire  A,  bispinosa  occurs  throughout  the  Lower  Calcareous 
Grit,  and  seems  to  have  been  found  at  Pickering  in  beds  w^hich 
may  possibly  be  as  high  as  the  Trigonia-heds  at  the  base  of  the 
Coralline  Oolite.    I  have  never  seen  a  specimen  from  the  Coral  Rag. 

Postscript, — There  is  a  good  specimen  amongst  the  Kelloway  Rock 
fossils  in  the  Museum  at  York.  Tlie  spiral  angle  is  slightly  closer. 
There  is  a  less  sudden  increase  in  the  penultimate  whorl,  whilst  the 
keel  is  a  little  more  towards  the  middle :  the  anterior  keel  of  the 
body-whorl  is  rather  stronger  than  in  the  Lower  Calcareous  Grit 
fossil.  The  ornamentation  is  similar,  and  the  differences  are  exceed- 
ingly slight. 

Family  Littobinida. 

The  shells  next  to  be  described  were  formerly  referred  to  Turbo^ 
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though  at  present  it  is  customary  to  regard  them  as  belongiug  to 
Littorina — an  arrangement  which  is  perhaps  provisional.  De  Loriol 
and  Pellat  restore  to  this  class  of  shell  the  generic  name  of  1W60| 
though  the  reasons  adduced  hy  Deslongchamps  ^  for  excluding  at 
least  a  part  of  them  from  the  family  Tar^inida  remain  as  good  bs 
ever. 

The  same  difficulty,  encountered  in  dealing  with  CerUkium  Um- 
formej  meets  us  in  describing  the  three  distinct  fortns  which  are 
usually  classed  in  collections  under  the  heading  L.  muricata,  Sow. 
Perhaps  the  Yorkshire  specimens  are  not  exactly  similar  to  the 
species  with  which  they  have  been  correlated.  Sowerby  himself 
was  prepared  for  a  division  of  X.  muricala,  since  he  observes  that 
there  are  three  species  which  have  been  confounded  together,  bat 
which  he  hopes  hereafter  to  show  are  quite  distinct 

33. — Littorina  murioata,  Sowerby,  1821.    PI.  XVIi.  Figs.  7,  8,  9. 

Turbo  muricatu$,  Sowerby,  1821,  Min.  Conch.  toL  iii  p.  70,  pL  240. 

Bibliography,  etc, — Sowerby  refers  to  the  table  in  Smith*s  Strata 
entitled  ''Coral  Rag  and  Pisolite,"  where  there  is  a  good  figure. 
The  specimen  figured  by  Sowerby  came,  we  may  infer,  from  Steeple 
Ashton,  and  has  a  general  resemblance  to  Fig.  9a.  He  describes 
it  as  very  pointed,  and  nearly  as  wide  as  long :  the  ornaments  aro 
described  in  very  general  terms.  The  plaited  lip  and  indentation 
of  the  columella  are  given  as  essential  characters. 

A. — Variety  sometimes  referred  to  Littorina  Mebiani,  Goldfuss, 

1844. 

Turbo  Mtriani,  Goldfuss,  1844,  Potref.  vol  iii.  p.  97,  pi.  193,  fig:.  16. 
Idem,  D'Orbigny,  1850,  Terr.  Jurass.  p.  355,  pi.  335,  figs.  1 — 6. 

Bibliography,  etc,  —  This  is  a  regular  Oxford  ian  form,  and 
D*Orbigny  fancied  it  might  be  the  same  as  Phillips's  Turbo  suko- 
stomus.  His  figure  and  description  refers  to  a  larger  shell  than  ours. 
The  proportions  are  about  the  same,  and  he  allows  considerable 
latitude  for  the  ornaments. 

Description  (Fig.  7a). — Specimen  from  the  Lower  Calcareous  Grit 

of  Scarborough  (Leckenby  Collection). 

Length 14  millimetres. 

Width    11        „ 

Spiral  angle,  average    67*. 

Shell  rather  longer  than  wide.  Spire  composed  of  about  six 
whorls,  separated  by  wide  and  tolerably  deep  sutures,  which  materi- 
ally aifect  the  contour  of  the  shell.  The  penultimate  whorl  has 
three  transverse  costro,  very  spiny,  the  lowest  one  being  the  strongest 
and  most  prominent.  The  last  whorl  has  four  spiny  bands  in  the 
posterior  portion  :  of  these  the  two  middle  ones  form  a  slightly  raised 
belt  round  the  shell.  The  base  of  the  whorl  and  the  aperture  are 
concealed. 

Fig.  76  represents  an  enlargment  of  the  upper  part  of  the  last 
wLorl. 

^  Ball.  Soc.  Linn.  Norm.  1860,  Note  sur  le  geaas  Eueycltu, 
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BdcUiona  and  Distribution. — ^This  form  has  a  larger  spiral  angle 
than  the  two  succeeding  ones,  and  differs  to  a  certain  extent  in  the 
character  of  its  ornaments.  It  occurs  chiefly  in  the  Lower  Calcareous 
Orit,  and  never  ascends  into  the  Coral  Bag. 

B, — ^Variety  of  Littobina  mubioata,  probahly  the  Turbo  murt- 
eaiulus  of  Young  and  Bird. 

Description,  Fig.  8a. — Specimen  from  the  Coral  Bag  of  Brompton 

(my  Collection). 

Length   10  millundtrefl. 

Width    8        „ 

Spiral  angle,  average    62**. 

Shell  rather  longer  than  wide,  oval,  not  umhilicated.  Spire  com- 
posed of  about  five  whorls,  which  increase  under  an  angle  nearly 
regular,  and  without  prominence.  Suture  rather  close.  Ornaments 
on  the  apical  whorls  (where  visible)  consist  of  three  transverse 
sostsB,  which  are  but  slightly  granulated  ;  these  decussate  with  spiral 
oost«B  very  oblique  to  the  axis.  In  the  penultimate  whorl  the 
transverse  costsB  are  granulated,  the  granulations  being  very  round 
and  very  regular,  and  a  fourth  row  is  partially  developed:  the 
spiral  costflB  become  finer  and  the  intervening  mesh  is  striated  in  the 
same  direction.  In  the  body -whorl  there  is  no  further  trace  of  spiral 
oostffi,  but  the  spaces  between  the  rows  of  granulations  are  finely 
striated.  These  rows  are  five  in  number,  the  third  and  fourth  being 
very  slightly  prominent:  in  the  base  of  the  whorl  are  about  five 
lines  of  smaller  granulations,  making  ten  in  all.  The  aperture  is 
concealed  in  matrix. 

Fig.  86. — Another  specimen  enlarged. 

Itelations  and  Distribution. —  This  pretty  little  shell  rather  re- 
minds one  of  a  beehive.  It  represents  the  form  of  the  genus 
which  is  most  removed  from  Eucyelus.  Very  characteiistic  of  the 
Coral  Bag  of  Brompton  and  Ayton  :  less  frequent  in  the  Coral  Bag 
of  the  Howardians.  A  somewhat  similar  form  occurs  in  the  Coral 
Bag  of  Wiltshire,  but  I  never  saw  it  in  the  Corallian  of  Weymouth. 

C, — ^Variety  of  Littobina  mubioata,  inclining  towards  Litto- 
bina PULOHEBBIHA,  Dollfus,  1863.     Plate  XVIL  Figs.  9a,  96. 

Littorina  puleherrima,  Dollfus,  1863,  Kim.  da  Cap  de  la  Heve,  p.  46,  pL  yi. 
figs.  3-6. 

Bibliography,  etc. — Dollfus'  shell  has  the  following  description. 
Length  30  mm.,  width  21  mm.,  spiral  angle  (convex)  50°.  Shell 
ovate-oblong,  imperforate ;  spire  conical ;  whorls  convex,  longi- 
tudinally {i.e.  transversely)  4-co8tate;  ribs  unequal,  tuberculated 
or  muricated ;  last  whorl  13-co8tate :  aperture  roundish. 
Dollfus  admits  that  his  shell  is  near  to  Turbo  Meriani. 
Description.  Fig.  9a.— Specimen  from  the  Coral  Bag  of  North 
Grimston  (my  Collection). 

Length    15  millimetres. 

Width     10        „ 

Spiral  angle,  average    56**. 

Shell  half  as  long  again  as  wide,  oval  oblong,  not  umhilicated. 
Spire  composed  of  about  six  whorls,  of  which  the  last  exhibits  con- 
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siderable  prominence ;  satures  well  marked  and  wide.  The  whorb 
have  four  oosta;,  of  which  the  two  lower  form  a  strong  doable-ridged 
varix  (affinity  with  Eue^clus).  Aboat  five  costs,  with  granalations 
diminishing  in  size  anteriorly,  occupy  the  base  of  the  last  whorl, 
making  nine  in  all.  The  further  details  of  the  ornamentation  cor- 
re8j>ond  with  those  of  L.  muricatuluB. 

Fig.  96.  represents  the  upper  portion  of  the  last  whorl  of  a  speci- 
men from  the  Trt^onia-beds  of  Weymouth,  which  approaches  still 
nearer  to  Z.  pulckerrima. 

Relations  and  Disirihuiion, — The  affinities  of  this  shell  may  be 
partly  gathered  from  previous  descriptions.  Regarded  in  a  general 
way  it  may  be  viewed  as  a  Gorallian  or  Kimmeridgian  variety  of  an 
Upper  Oxfordian  form  which  is  tolerably  Protflean  in  its  ornamenta- 
tion, and  perhaps  in  the  vigour  of  its  growth.  The  "  species  "  (re- 
garding lu  muricaia.  Sow.,  for  the  moment  as  one)  assumes  an 
infinity  of  aspects  under  the  influence  of  physical  conditions,  and  of 
distance  in  time  and  space.  The  variety  just  described  is  perhaps 
the  nearest  to  the  original  L,  mMrieala  of  Steeple  Ashton,  to  judge 
from  Sowerby's  figure,  but  with  a  spiral  angle  of  lower  value,  and 
perhaps  a  more  elaborate  ornamentation.  In  Yorkshire  it  is  chiefly 
found  in  the  Coral  Rag  of  the  Howardians. 

In  North  Germany  the  group  is  probably  represented  in  part  by 
Turbo  punetatO'SuleatuB,  Roemer  (OoL  Qeh,  pi.  xi.  fig.  7,  p.  loS), 
which,  according  to  Brauns  (Ob.  Jura,  p.  222),  occurs  sparingly  in 
the  Coralline  Oolite  of  Hoheneggelsen  and  Hildesheim. 

Subgenus  Amberleta,  Lycett,  1850  =  Eueydus,  Deslongcbamps. 

The  subgenus  Amberleya  was  first  instituted  by  Lycett  (Morris 
and  Lycett,  Great  Ool.  Moll.  p.  54),  in  1850  for  a  section  of  LiUorina, 
agreeing  in  general  characters  with  the  genus  Pagodus  of  Gray. 
The  generic  definition  was  not  very  close.  Only  one  species  was 
described,  and  that  not  very  characteristia  In  1860,  Deslong- 
champs  (op.  cit.  p.  138)  wrote  a  valuable  note  showing  the  utility  of 
withdrawing  from  the  genera  Turbo  and  Purpurina  certain  shells  of 
the  Jurassic  formations,  for  which  he  proposed  to  institute  the  genus 
Eucyclus.  This  he  admits  to  be  the  same  as  the  Amberleya  of  Lycett, 
but  he  gives  a  much  fuller  diagnosis,  and  describes  some  new  species. 
In  18C3,  Lycett  (Suppl.  to  Great  Ool.  Moll.  p.  19)  alludes  to  the 
imi)ortance  of  Deslongcbamps'  work,  and  shows  that  Eueydus  is  a 
synonym  of  Amberleya. 

34. — Amberleya  Steicklandi,  sp.n.     Plate  XVIL  Fig.  10. 

Description. — Specimen  from  the  Coral  Rag  of  Brompton  (Strick- 
land Collection). 

Lon^h  23  millimetres. 

Width  across  tho  belt 16        „ 

Spiral  angle,  average  67*. 

Shell  nearly  half  as  long  again  as  wide,  ovate  oblong,  not  umbili- 
cated.  Spire  composed  of  five  or  six  whorls ;  the  two  anterior  veiy 
large  and  angular,  whilst  the  sutures  are  strongly  pronounced.  The 
body-whorl  is  inflated,  and  exceeds  in  height  the  rest  of  the  spire. 


TF.  n.  Hudlestan—The  Yorkshire  Oolite.  537 

A  very  distinctiye  feature  consists  in  a  prominent  doable  varix  on 
each  whorl,  which  is  rather  less  tuberculated  than  the  other  costse 
(possibly  from  the  e£fect8  of  wear).  On  the  penultimate  whorl  are 
seven  costse  in  all.  The  highest  row  has  the  largest  and  best  cut 
taberculations,  the  second  and  seventh  are  the  faintest,  the  fifth  and 
sixth  form  the  prominence.  The  same  number  and  arrangement  are 
observed  on  the  posterior  portion  of  the  last  whorl,  the  base  of 
which  has  ten  rows  of  fine  granulations  nearly  equal  in  strength, 
and  curving  round  the  columellar  area  towanls  the  anterior  ex- 
tremity. Shell  substance  thin.  Aperture  wide  and  generally 
roundish,  coming  to  a  blunt  point  posteriorly.  But  little  callosity 
on  the  columella,  which  is  short  and  hollowed  out. 

Relation$  and  Distribution. — Although  this  handsome  species  has 
affinities  with  the  group  previously  described,  by  far  its  nearest  rela- 
tion is  Amberleya  armigera,  Lycett  (Suppl.  to  Great  Ool.  Moll.  p.  20, 
pi.  31,  ^g,  6),  a  fossil  of  the  Yorkshire  Combrash.  The  general 
outline  of  these  two  species  is  almost  identical,  but  the  Corallian 
shell  is  more  highly  ornamented,  and  the  costsd  in  the  base  of  the 
body- whorl  are  finer  and  more  numerous.  It  may  justly  be  regarded 
as  the  representative  of  the  Combrash  species  on  a  higher  horizon. 

The  shell  in  question  is  very  rare,  but  Sir  Charles  Strickland  has 
found  a  few  of  them*  chiefly  in  the  Coral  Rag  of  the  Scarborough 
district  (Seamer,  Ayton,  Brompton).  No  specific  name  could  be 
more  appropriate  than  that  of  its  discoverer. 

It  should  be  observed  that  imperfect  specimens  resembling 
"  Turbo  "  Buvignieri,  D'Orb.  (Terr.  Jurass.  vol.  ii.  p.  256,  figs.  6-8) 
have  been  found  in  the  Coral  Rag  of  Ayton. 

35. — Ambrbleya  pbinoeps,  Roemer,  1836.     Plate  XVII.  Fig.  11. 

Turbo  prineepSf  Rcemer,  Ool.  Geb.  183^,  p.  153.pl.  xL  fig.  i. 

Idem,  D'Orb.,  1850,  Terr.  Jurass.  toI.  ii.  p.  357,  pi.  335,  figs.  9, 10. 

Bibliographyj  etc. — ^This  species  is  so  well  marked  that  authors 
have  had  little  difficulty  in  recognizing  Roemer's  figure  and  diagnosis. 

Description, — Specimen  from  the  Coral  Rag  of  Hildenley  (Strick- 
land Collection). 

Length 61  millim^treB. 

Width    32        „ 

Spiral  angle 56*. 

Shell  oval  oblong,  not  umbilicated.  Spire  composed  of  about  five 
very  convex  whorls,  separated  by  wide  sutures.  The  ornaments  in 
the  specimen  are  a  little  indistinct,  the  salience  of  the  ribs  being 
very  much  reduced.  The  fine  oblique  striation  between  the  ribs  is 
not  visible.  A  pair  of  more  prominent  ribs  is  noticeable  in  the 
anterior  portion  of  each  whorl.  Shell  substance  very  thin.  Tlie 
outer  lip  is  straight  and  protracted,  turning  suddenly  towards  the 
anterior  margin,  which  is  squarish :  columella  much  excavated. 
Aperture  large  in  every  direction. 

Relations  and  Distribution, — D*Orbigny's  figure  represents  a  more 
oval  mouth,  but  there  can  be  very  little  doubt  as  to  the  identification. 
The  ancestors  of  this  handsome  species  must,  I  suppose,  be  sought 
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amongst  the  numerous  representatives  of  Amherleffa  in  the  Lower 
Oolites.  This  is  essentially  a  Corallian  form  ooourring,  aooording 
to  Kcemer,  in  the  Upper  Coral  Rag  of  Hildesheim.  Brauns  (Obeie 
Jura,  p.  221)  describes  it  as  a  ^'leit  fossil,"  of  the  middle  beds  of 
the  Coralline  Oolite  in  Hanover,  etc.  D'Orbigny  had  it  from  the 
East  of  France  and  from  La  Rochelle. 

In  Yorkshire  it  is  very  rare,  and  has  only  been  found  in  the 
Coral  Rag  of  the  Howardians.  It  occurs  at  Upware,  but  is  unknown 
to  mo  from  any  other  part  of  England. 

EXPLANATION  OF  PLATE  XVII. 
Fio.    1.       Ifernuta  pseudovitwyiSf  sp.iL     Coralline  Oolite  of  Pickering.  Leckenby 
Collection. 
N.  Ram^riy  Philippi.    Corallian  of  Torluhire.     Leckenby  Collection. 
The  same,  whorl  enlarged. 
Ntrimea^  elongated  species.      Coral    Rag   of    Langton  Wold.     My 

Collection. 
The  same,  whorl  enlaiged. 

N.  OoodhaUily  Sow.    Coral  Rag  of  Yorkshire.    York  Museum. 
Ntrimrn^  cast  of  part  of  interior.    Coralline  Oolite  of  Pickering.    Mj 

Collection. 
Alaria  bitpinoMy  Phillips.    Possibly  from  the  IV^nta-beds  of  Picker- 
ing.   Jermyn  Street  Mnseum. 
The  same,  portion  enlarged. 

Alaria  bitpinotay  another  specimen.    Lower  Calcareous  Orit  of  Cayton 
Bay.     Leckenby  Collection. 
„      7a.  &  b.  LiUoriiWy  cf.  Meriauiy  Ooldf .    Lower  Calcareona  Grit,  Scaxboroogh. 

Leckenby  Collection. 
„      8a.      L.  murieattty  ^owerby,  Tar.  murieatulay  You^  and  Bird.     Coral  Rag  of 

Brompton.     My  Collection. 
„      8*.      Another  specimen  enlarged. 
,y      9a.     Littorinay  cf.  pulcherrimay  Dollfus,  pars.    Coral  Rag  of  North  GrimstoiL 

Mv  Collection. 
,,      9*.      Portion  of  a  specimen  from  the  TVi^owia-beds  at  "Weymouth,  enlarged. 
„     10.       Amberleya  Stiicklandi.     Coral  Rag  of  Brompton.     Strickland  Collec- 
tion.    Front  and  back. 
,,     11.       Amberhya  prineepsy  Ro?mer.     Coral   Rag  of  Hildenley.     Strickland 
Collection. 

{To  be  continued.) 

II. — On  some  Serpentines  from  the  Khjbtian  Alps. 

By  Prof.  T.  G.  Bonnet,  M.A.,  F.R.S.,  F.G.S. 

THE  name  serpentine  has  been  applied  by  many  authors  with  so 
much  vagueness  that  it  appears  to  me  desirable  to  lose  no  op- 
portunity of  examining  any  rock  bearing  this  title,  and  to  record 
briefly  the  result.'  A  considerable  number  of  patches  of  serpentine, 
generally  of  limited  extent,  are  laid  down  on  Kitter  von  Hauer*8 
Map  of  the  Eastern  part  of  the  Alps,  some  of  which  also  appear  ou 
that  of  l^rofessor  Theobald  (sheet  xx.  of  the  Federal  Map  of  Switzer- 
land). Several  of  these  I  was  able  to  examine,  sufficiently  for  my 
purpose,  during  a  visit  to  the  district  last  summer. 

The  first  patch  of  serpentine  which  I  was  able  to  visit  in  situ  is 

'  In  Prof.  Theobald's  admirable  monograph,  Geol.  Beschreib.  von  Granbiinden,  we 
find  (]).  40),  aiU'T  he  has  admitted  that  there  is  much  to  favour  the  view  of  serpentine 
b(ung  an  eruptive  rock,  the  following  statement ;  **  Es  moge  der  Serpentin  eine  letzte 
Stuio  vom  ("uiwandlung  anderer  Ge«teine,  Gabbro,  Homblendefels,  Diorit,  and 
selbst  Schiefcrgebirgs  sein,  wie  schon  Studer  bemerkt." 
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crossed  by  the  Julier  road  about  500  yards  below  the  village  of 
Bofna  (between  Tiefenkasten  and  Molins).  The  serpentine  is  a  com- 
pact, dark  purplish-gpreen  rock,  of  characteristic  aspect,  showing  oc- 
casional small  folia  resembling  an  altered  bronzite.  The  rock  is 
greatly  jointed  and  crushed,  vrith  slickensided  surfaces,  coated  with 
a  polished  green  or  waxy -green  mineral ;  so  that  in  part  it  has 
almost  a  schistose  aspect,  and  the  true  structure  can  only  be  seen  on 
a  cross  fracture.  The  serpentine  is  overlain  by  a  reddish  to  greenish 
schistose  rock.  The  junction  of  these  is  difficult  to  examine,  but  the 
relations  of  the  two  suggest  that  the  former  is  intrusive  in  the  latter. 
The  following  is  a  description  of  the  microscopic  structure  of  this 
serpentine. 

The  slide  is  traversed  by  irregularly  reticulated  strings  of  clotted 
opacite,  obviously  following  cracks,  and  deposited  on  their  sides. 
The  interspaces  exhibit  a  fibrous  border,  dull  bluish  white  with  cross- 
ing Nicols ;  the  **  eyes,"  or  more  granular  centres,  being  often  dark 
with  crossed  Nicols ;  in  short,  all  the  structures  characteristic  of  an 
altered  olivine  rock.  Scattered  in  this  ground-mass  are  small  plates 
of  irregular  outline,  now  of  a  serpentinous  character,  but  still  showing 
one  close,  rather  wavy,  parallel  cleavage,  and  traces  of  another, 
much  less  distinct,  and  inclined  to  it  at  a  considerable  angle.  In 
this  mineral  we  need  not  hesitate  to  recognize  an  altered  bronzite, 
or,  perhaps,  rather  enstatite,  as  it  is  wholly,  or  almost  wholly,  free 
from  opacite.  Probably  much  of  the  opacite  in  the  rest  of  the 
slide  is  magnetite,  but  the  grains  are  not  very  definite  in  outline. 
Two  or  three  very  dark-brown  grains  may  be  picotite  or  chromite, 
and  there  is  a  flake  or  two  of  ironglanoe.  There  can  be  no  doubt 
this  serpentine  is  an  altered  olivine-enstatite  rock. 

In  the  lower  part  of  the  Val  da  Faller,  which  joins  the  Ober- 
halbstein  Rhine  at  Molins,  are  four  dyke-like  masses  of  serpentine. 
Debris  or  turf  generally  just  mask  the  actual  junctions,  but  there 
can  be  no  doubt  that  they  are  intrusive  in  the  green  schist,  as  they 
cut  (in  one  case  very  clearly)  across  the  bedding.  The  two  rocks 
are  quite  distinct  in  character.  The  description  given  above  will 
apply  in  general  terms  here, — these  serpentines  having  the  same 
shattered  slickensided  character,  so  that  it  is  most  difficult  to  obtain 
even  tolerable  specimens.  Fragments  from  two  of  the  masses  have 
been  examined  microscopically.  It  is  needless  to  describe  them  in 
detail.  They  have  undoubtedly  been  olivine-enstatite  rocks,  though 
now  perhaps  a  little  more  altered  than  the  last  The  schist,  a  dis- 
tinctly bedded  rock  of  pale-green  colour,  compact  and  slightly  earthy 
in  aspect,  is  seen  under  the  microscope  to  consist  of  a  minute  granular 
kaolin-like  mineral,  interspersed  thickly  with  flakes  of  a  rather 
fibrous,  almost  colourless  mineral  (probably  uniaxial,  and  one  of 
the  chlorite  group),  with  much  ferrite  and  some  viridite.  A  little 
felspar  is  recognizable  in  nests.  At  the  first  glance  it  seems  dubious 
whether  the  rock  should  be  classed  with  the  true  schists,  but  closer 
study  leads  me  to  the  conclusion  that,  though  very  minute,  the 
constituents  are  mainly  of  secondary  origin. 

About  450  feet  above  Molins,  the  road  and  river  crosis  another 
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mass  of  dark-green  serpentine.  Here,  also,  the  relations  of  the 
serpentine  with  the  schist  are  almost  inexplicable,  except  on  a  theory 
of  intrusion — as  may  be  seen  on  the  (inaccessible)  left  bank  of  the 
stream.  The  maccoscopic  character  of  the  serpentine  is  very  similar 
to  that  of  the  rocks  already  mentioned.  Microscopic  examination 
shows  it  to  be  an  altered  olivine-enstatite  rook,  each  mineral 
occarring  in  rather  more  distinct  grains  than  usual,  and,  as  we  may 
infer  from  the  greater  abundance  of  opacite  in  both,  rather  richer 
in  iron  than  in  the  other  oases.  The  schist,  in  a  gorge  immediately 
above,  is  much  contorted,  and  its  surface  is  glaciated.  Under  the 
microscope  it  is  seen  to  consist  of  grains  of  a  yellowish  epidote,  flakes 
apparently  of  a  clear  mica,  microlithic  rods  of  an  iron  oxide,  and  a 
clear  mineral,  which  is  for  the  most  part  more  probably  felspar  than 
quartz,  all  very  minute.  There  is  but  little  appearance  of  separation 
into  distinct  mineral  layers,  and  the  rock  has  not  a  very  highly 
altered  aspect ;  still  I  believe  these  minerals  ta  be  all  of  secondary 
formation. 

On  approaching  the  village  of  Marmels,  an  extensive  mass  of 
serpentine  is  seen  to  occur  in  the  hill-side  on  the  right  bank  of  the 
valley,  and,  at  the  entrance  of  the  village,  the  road  passes  through 
a  cutting.  The  rock  here  is  an  ophicalcite,  rather  schistose-looking, 
but  really  only  a  crushed  serpentine,  cemented  by  subsequent  infil- 
tration. The  principal  mass  of  serpentine,  judging  from  blocks  by 
the  road-side,  is  of  the  usual  character.  Some  distance  above  the 
village  this  rock  is  crossed  by  the  road.  Here  is  also  a  considerable 
mass  of  gabbro.  lliis  varies  from  very  coarse  (diallage  crystals  up 
to  nearly  half-inch  diameter)  to  rather  fine,  and  it  exhibits  oocasion- 
ally  a  slightly  schistose  structure — a  character  not  rare  near  the 
exterior  of  gabbro  masses.  It  can  be  seen  by  the  road-side  cutting 
through  the  serpentine.  The  last  rock  differs  a  little  from  those 
previously  described,  being  an  altered  olivine-augite-enstatite  rock. 
The  first  of  these  minerals  is,  as  usual,  changed  into  serpentine ;  the 
last  is  more  or  less  serpentinized,  but  the  second  generally  is  in  good 
preservation.  There  are  two  or  three  grains  resembling  enstatite  in 
form,  but  wholly  replaced  by  iron  oxide.* 

Two  specimens  of  the  gabbro  have  been  examined  microscopically. 
One,  of  the  coarser  variety,  was  taken  from  a  block,  recently  broken 
by  blasting,  in  an  old  moraine  a  little  lower  down  in  the  valley — 
but  undoubtedly  from  some  part  of  the  mass  (the  specimens  seen  in 
sM  not  being  in  good  condition) ;  the  other,  finer,  was  obtained 
from  the  mass  which  cuts  through  the  serpentine.     The  former  con- 

^  The  following  analysis  is  given  by  Prof.  Theobald  of  a  serpentine  from  Marmels : 

SiO,  =  38-88 

AI2O3  =     4-67 

MgO  =  36-41 

FeO.FejOs  =     8-63 
H2O  =  11-37 


99-96 
As  there  is  no  CaO  in  the  analysis,  probably  the  specimen  did  not  contain  augite, 
but  had  some  spinel. 
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sists  of  a  felspar — generally  so  maoh  kaolinized,  or  replaced  by 
secondary  miorolithic  minerals,  as  to  have  lost  its  characteristic 
aspect,  and  to  be  a  kind  of  '*  saussurite,"  but  here  and  there  retaining 
traces  of  plagioclastic  twinning — and  of  fairly  well  preserved  diallage. 
The  felspathic  constituent  has  the  granular  outline  common  in 
gabbro,  and  has  probably  been  labradorite.  A  crack  is  jBlled  with  a 
ohloritic  mineral.  The  pyroxenic  constituent  of  the  finer  variety  is 
angite,  and  there  are  grains  of  a  fibrous  serpentinous  mineral,  which 
also  fills  cracks  and  appears  to  be  disseminated  in  the  slide. 

Bather  higher  up  the  valley,  on  the  right  bank  of  a  grassy  basin, 
near  some  chalets  (Stalvedro),  is  a  small  excavation  in  a  band  of 
hard  crystalline  limestone  beneath  a  shivery  mica  schist,  on  the 
eastern  side  of  which  is  a  shattered  serpentine  underlying  a  greenish 
schist,  its  mode  of  occurrence  suggesting  intrusion.  The  limestone 
under  the  microscope  appears  to  be  more  strictly  a  dolomite,  with 
minute  quartz  grains  (of  secondary  origin)  interspersed,  in  parts  rather 
thickly,  and  traversed  by  cracks  filled  with  the  latter  mineral.  Above 
this  spot  there  is  no  more  serpentine  on  the  Julier  pass,  but  two 
patches  are  laid  down  on  the  ascent  to  the  Septimer,  which  diverges 
at  Bivio  Stella. 

Following  roughly  the  directions  indicated  by  the  above  sporadic 
exposures — towards  the  S.E. — we  find  another  mass  of  serpentine  on 
the  northern  side  of  the  Maloya  Pass.  It  forms  a  headland  on  the 
left  bank  of  the  Silser  See,  and  extends  for  some  distance  up  the 
mountain  side.  This  rock  agrees  generally  in  colour  with  the  last 
named,  but  is  less  crushed  than  is  usual  with  the  others,  and  exhibits 
the  brown  weathering,  massive  structure,  and  sharp,  rather  irregular 
jointing  so  characteristic  of  true  serpentines.  Microscopically  it  has 
a  general  resemblance  to  the  rock  from  above  Marmels,  as  it  con- 
tains both  enstatite  and  augite.  The  former  is  much  altered,  the 
latter  (of  irregular  outline)  in  fair  preservation ;  one  grain  appears 
to  be  diallage  ;  most  of  the  others  resemble  normal  augite ;  none  of 
the  olivine  has  escaped  quite  unaltered,  but  in  parts  of  the  slide  the 
change  seems  less  complete  than  is  the  case  in  the  other  serpentines. 
In  this  slide  also  are  visible  some  of  the  black  grains  described  above. 
The  last  two  serpentines  then  may  be  roughly  classed  as  altered 
Iherzolites ;  and  all  are  altered  peridotites. 

A  considerable  number  of  patches  of  serpentine  appear  on  Yon 
Hauer's  map  about  the  head  of  the  Schalfik-Thal  and  Landquart-Thal. 
From  them  probably  were  derived  several  pebbles  which  I  saw  near 
Chur ;  these  corresponded  in  general  appearance  with  the  specimens 
already  described. 

It  is  impossible  to  offer  an  opinion  as  to  the  geologic  age  of  these 
peridotites.  From  their  shattered  condition  it  is  in  the  highest 
degree  probable  that  they  have  partaken  of  some,  if  not  all  of  the  great 
movements  which  have  affected  the  Alps,  and  so  are  at  least  older 
than  the  Middle  Tertiary  period.  They  are  mapped  as  intrusive  in 
Bundner  Schiefer,  which,  according  to  Von  Hauer  and  Theobald, 
belong  to  the  Lower  Lias.  The  latter,  however,  considers  some  of 
the  schist  near  Molins  to  be  of  much  earlier  date,  and  I  confess  I 
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cannot  see  the  reason  for  separating  the  one  from  the  other.  AH 
those  which  I  found  associated  with  serpentine  appeared  to  be  mock 
more  highly  altered  than  would  be  likely  in  rocks  of  this  ago. 
Indeed,  the  condition  of  the  admittedly  Triassio  rooks  of  the  Euga- 
dine  justifies  us  in  assigning  to  all  these  schists  a  much  greater 
antiquity  than  any  part  of  the  Mesozoic  period.  With  onr  present 
knowledge  extreme  caution  is  doubtless  required  in  drawing  an  in- 
ference  as  to  the  age  of  a  rock  from  its  state  of  metamorphism.  At  the 
same  time  all  the  evidence  which  we  possess  points  to  the  conolnsioii 
that  extensive  regional  metamorphism  has  only  taken  place  in  rocks 
of  great  geologiccd  age,  and  that  the  current  statements  about  highly 
altei'ed  Secondary  and  even  Tertiary  rocks  in  the  Alps  are  in  many 
cases  certainly  erroneous,  and  in  ill  need  confirmation.  Thus,  in 
the  case  of  these  Alpine  schists,  which  as  a  rule  are  more  highly 
altered  than  any  rock  in  Britain  known  to  be  of  Cambrian  or  Post- 
Cambrian  age,  I  should  agree  with  some  of  the  more  modem  Conti- 
nental geologists  in  regarding  them  as  very  old  and  possibly  Pre- 
Cambrian.  While  then  we  may  be  quite  certain  of  the  origin  of 
these  serpentines,  we  have  very  wide  possible  limits  for  their  geo- 
logic age. 

III. — Notes  on  the  Oogukrenck  of  Stonr  Implements  in  the 
Coast  Latebite,  South  of  Madras,  and  in  Hiqh-lbtel 
Gravels  and  other  Formations  in  the  South  Maheatta 
Country.^ 

By  R.  Brucb  Foots,  F.G.S.,  Geolo^cal  Survey  of  India. 

IN  June,  1868,  I  had  the  lionour  to  read  before  the  Greological 
Society  of  London  a  paj^r  on  the  occurrence  of  Cliipped  Stone 
Implements  in  beds  of  cont^lonierate  and  in  various  non-compacted 
gravels  belonging  to  the  Lateritic  Series,  which  fringes  the  greater 
part  of  the  Peninsula  of  India.  The  district  witliin  which  imple- 
ments had  then  been  discovered  in  the  coast  laterite  extended  from 
the  Palar  river  near  Madras,  nearly  up  to  the  Kistna  river,  but  none 
from  the  countrj'  south  of  the  former  river,  though  it  was  surveyed 
as  far  south  as  12°  15''  subsequently  to  the  discovery  of  the  imple- 
ments at  Palavaram  and  Attnimpakkam.  Since  then  it  has  fallen  to 
my  lot  to  run  over  part  of  the  lateritic  beds  north  and  south  of  the 
Cauvery  delta^  and  I  had  the  good  fortune  to  find  palaeolithic  imple- 
ments at  several  places  in  the  Trichinopoly,  Tanjore  and  Madura 
districts. 

Tlie  lateritic  formations  of  the  south,  like  those  occurring  further 
north,  form  a  widely-spread  hut  thin  series  of  conglomerates,  gravels 
and  sands,  divided  by  the  existing  rivers  into  a  number  of  irregular 
patches  overlying  the  older  rocks,  whether  gneissic.  Cretaceous  or 
Tertiary,  and  dipping  themselves  under  the  marine  and  fluviatile 
alluvia  which  fringe  the  coast.  They  have  been  extensively  denuded, 
particularl}'  along  their  western  boundary ;  outliers  of  them  being 
traceable  many  miles  to  the  west  of  the  j)resent  boundary. 

^  l'hu<  paper  has,  sinci*  tht;  original  was  road  at  the  British  Association,  Swansea, 
heen  in  port  ro-written,  and  some  additional  matter  of  interest  has  been  aidded  to  it 
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In  the  paper  just  refevred  to  I  gave  also  an  account  of  similar 
implements  found  by  myself  and  others,  associated  with  similar  more 
or  less  lateritio  gravels  lying  at  far  higher  levels  and  much  further 
inland  than  any  part  of  the  coast  laterite  series,  and  I  can  now  add 
considerably  to  the  list  of  localities  where  such  high-level  implement- 
bearing  beds  occur. 

The  best  substitute  for  flint  occurring  in  Southern  India  is  fine- 
grained quartzite,  of  which  material  an  unlimited  supply  was  easily 
obtainable  in  the  regions  round  about  and  to  the  northward  of  Madras ; 
and  implements  made  of  this  stone  are  in  many  places  to  be  found 
in  very  considerable  numbers  on  the  surface  of  the  lateritio  beds, 
from  which  they  have  been  weathered  out.  To  the  south  of  the 
Palar  river,  however,  no  quartzite  is  to  be  found  in  situ,  and  as 
derivative  shingle  it  is  of  great  rarity,  and,  as  was  to  be  expected, 
the  implements  were  found  to  be  made  of  other  materials,  and  to 
occur  in  very  small  numbers.  As  in  the  more  northerly  implement 
beds  formerly  described,  the  presence  of  the  implements  themselves 
constitutes  the  only  evidence,  hitherto  obtained,  of  the  existence  of 
palaeolithic  man.  No  other  indications  of  organic  life  of  any  sort  or 
kind  were  seen  in  the  lateritio  bed,  though  most  carefully  sought  for. 
A  solitary  rolled  fragment  of  bone,  which  Professor  Boyd  Dawkins 
considers  to  be  part  of  a  human  tibia,  was  found  by  me,  associated 
with  the  typical  implement  bed  at  Attrampakkam,  near  Madras,  but 
I  am  not  quite  positive  that  it  was  absolutely  in  situ.  From  the 
position  in  which  it  was  situated  I  judged  it  to  have  been  exposed 
by  weathering,  but  it  might  possibly  have  been  lodged  there  by  a 
flood. 

As  the  number  of  implements  found  in  the  region  south  of  the 
Palar  is  very  small,  I  will  enumerate  the  localities  where  I  met 
with  them  in  geographical  sequence  from  north  to  south. 

1.  Ninnyur,  about  forty  miles  N.E.  of  Trichinopoly.  Here  I  got 
two  implements  among  the  debris  of  the  western  edge  of  the  Wodiar- 
palliam  laterite  plateau,  which  there  rests  on  the  Upper  Cretaceous 
rocks,  so  well  described  by  Mr.  Henry  F.  Blanford  in  the  Memoirs 
of  the  Geological  Survey  of  India.  Of  these  two  implements  one, 
which  is  of  the  sharp-pointed  type,  appears  to  be  made  of  a  form  of 
chert,  but  is  too  thickly  covered  with  a  ferruginous  glaze  to  admit 
of  positive  determination  of  the  component  material ;  the  other, 
which  is  probably  referable  to  the  oval  type,  but  has  one  end  broken 
off",  is  made  of  a  pale  yellowish -drab  cherty  rock. 

2.  Vallamy  seven  miles  W.S.W.  of  Tanjore.  On  the  rising  ground 
about  three-quarters  of  a  mile  E.S.E.  of  the  old  fort  I  found  several 
large  but  rather  rude  flakes,  two  of  which  were  impacted  in  the  hard 
lateritio  conglomerate,  and  had  to  be  broken  out  with  a  hammer. 
They  are  formed  of  a  kind  of  chert,  bearing  considerable  resemblance 
to  the  material  of  which  the  second  Ninnyur  implement  is  made,  and 
very  like  also  to  some  remarkable  masses  of  chert  of  Upper  Cretaceous 
age,  which  occur  in  the  mottled  grits  belonging  to  the  Cuddalore 
series,  and  are  exposed  in  the  moat  at  the  N.E.  comer  of  the  old 
fort  at  Yallam.     Besides  the  flakes  I  got  also  a  large  chert  thumb- 
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scraper,  a  form  which  had  not  been  fonnd  when  I  read  mj  papers 
to  the  Geological  Society  of  London,  and  to  the  Congress  for  Pre- 
hiRtoric  Archipology  at  Norwich,  in  1868,  and  which,  so  far  as  I  am 
aware,  has  not  l)een  described  as  yet  occurring  in  India.  This  scraper 
has  been  considerably  water  worn  and  rolled. 

3.  At  Shuragudif  sixteen  miles  south  of  Pudukotai,  on  the  boundary 
between  that  native  State  and  the  Madura  Collectorate,  I  found  what 
I  believe  to  be  of  the  broad  hatchet  type.  It  is  very  rudely  made 
of  coarse  granular  quartz  rock,  which  occurs  in  great  beds  in  the 
gneiKS  and  forms  several  conspicuous  ridges  in  the  country  N.E.  of 
Madura.  Despite  its  extreme  rudeness  this  implement  shows  such 
manifest  marks  of  design  that  I  cannot  help  regarding  it  as  being 
bona  fide  of  human  workmanship.  It  occurred  in  lateritic  debris 
close  to  the  edge  of  a  great  spread  of  typical  laterite. 

4.  At  Madura,  in  a  coarse  lateritic  gravel,  on  high  ground  about 
half  a  uiile  north  of  the  Vygay  river,  forming  what  appears  to  he 
an  outlier  of  the  regular  laterite  occurring  at  no  great  distance  to 
the  east,  I  found  two  or  three  rude  implements  of  the  oval  type; 
these  were  also  made  of  the  coarse  granular  quartz-rock  above 
referred  to,  great  beds  of  which  form  the  very  bold  and  lofty 
Allagiri  (hill)  some  miles  to  the  north. 

It  is  not  possible  to  tell,  from  the  appearance  of  these  southern 
implements,  whether  they  were  made  like  the  great  majority  of  those 
found  further  to  the  north,  from  well-rolled  lobbies  of  large  size,  or 
whether  they  were  shapeil  out  of  angular  fragmeltits  of  the  rock 
broken  off  lor  the  puq)0se. 

Besides  the  implements  now  described,  I  obtained  three  other 
forms  all  made  of  chert  that  has  not  yet  been  found  in  eitn  in  this 
region.  The  three  forms  are  a  small  flake  like  an  arrow-head  in 
shape,  a  tnic  core,  and  a  singular  shaped  flake  used  perhaps  both  as 
knii'o  and  scraper,  but  with  one  of  the  cutting  edges  distinctly 
serrated.  This  last  form  was  fonnd  in  a  river  gravel,  younger  than 
the  adjacent  true  laterite,  a  little  to  the  south  of  Tripatur  in  the 
Madura  district  The  arrow-head  and  core  were  found  on  the  surface 
some  miles  to  tlie  northward,  not  among  lateritic  debris.  The  core 
is  the  first  perfect  one  found  b}'  me,  and  I  believe  the  first  that  has 
been  found  south  of  Central  India. 

I  may  hero  mention,  that  during  my  work  in  the  northern  half  of 
the  Nellore  District  (in  187o-77),  I  came  across  various  previously 
miknown  lateritic  beds  in  the  valleys  of  the  Penneru  and  Maneni 
(rivers),  containing  implements  of  nearly  all  the  more  southern,  or 
as  I  may  for  brevity  call  them  the  Madras  types,  but  beside  these 
also  several  true  scrai)er8.  All  these  were  made  of  quartzite,  and 
differed  from  the  Madras  types  only  in  being  generally  of  ruder 
workmanship. 

Tlio  implements  obtained  from  the  high-level  gravels  in  the 
Deccan  were  all  made  of  quartzite  derived  tn)m  the  great  quartzite 
beds  of  the  younger  metiniori>lnc  series  locally  termed  the  Kaladgi 
series,  which  is  the  equivalent  of  the  Kadapa  series  on  the  eastern 
side  of  the  Peninsula.     The  gravels  themselves  occur  at  various 
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levels,  some  being  cut  through  by  existing  rivers,  others  lying  far 
above  the  present  stream  beds. 

The  best  examples  of  the  former  I  found  in  the  banks  of  the 
Malprabha  and  the  bed  of  the  Bennihalla,  its  principal  tributary, 
some  forty  miles  S.W.  of  the  junction  of  tihe  former  river  with  the 
Kistna.  Here,  in  beds  of  ooarse  quartzite  shingle  cemented  by 
kankar  or  calccoreous  tufa,  I  found  many  fine,  well-shaped,  mostly 
large-sized  implements,  all  of  the  Madras  types.  Some  very  good 
implements  of  large  size  I  obtained  from  another  highly  calcareous 
shingle  bed,  twenty  miles  further  up  the  bed  of  the  Malprabha.  All 
these  implements  had  been  carried  but  very  small  distances,  as  they 
riiow  little  or  no  signs  of  attrition,  but  they  were  unaccompanied  by 
the  numbers  of  imperfect  specimens,  flakes,  and  chips,  which  charac- 
terize sites  of  manufacture.  The  quartzite  from  which  they  were 
made  was  the  same  kind  as  that  occurring  in  the  great  beds  at  the 
base  of  the  Ealadgi  series,  which  are  well  exposed  in  the  great  scarp 
forming  the  southern  boundary  of  the  Ealadgi  basin,  which  here 
runs  closely  parallel  with  the  Malprabha  river  for  a  long  distance.' 

The  other  series  of  gravels  occurring  at  levels  never  attained  by 
tiie  highest  floods  of  the  existing  rivers  are  to  be  met  with  at 
several  places  north  of  the  great  scarp  just  mentioned,  dotted  about 
over  the  level  parts  of  the  Eal&dgi  basin.  Some  of  these  gravels 
I  am  inclined  to  regard  as  of  lacustrine  origin  ;  such,  for  example,  is 
that  at  Tolanmutti  north  of  the  Ghatprabha  river. 

The  very  fine  series  of  implements  *  found  in  the  South  Mahratta 
country  was  exhibited  by  me  at  the  Vienna  Exhibition  in  1873,  and 
attracted  much  notice;  I  afterwards  presented  it  to  the  Indian 
Museum  in  Calcutta. 

":.  In  another  formation  also,  but  of  very  different  character  from  the 
laterites  and  gravels  hitherto  noticed,  I  was  fortunate  enough  to 
discover  implements  when  surveying  in  the  South-western  Deocan 
in  1870.  This  was  a  great  talus  of  angular  and  rounded  blocks  of 
limestone  and  trap  compacted  in  parts  by  a  calcareous  cement,  which 
occurs  along  the  foot  of  a  line  of  low  hills  of  shale  capped  with 
limestone  overlaid  by  a  bed  of  the  Deccan  Trap,  on  the  left  bank  of 
the  Eistna  river  near  Agani  (TTguni),  some  twelve  or  fifteen  miles 
west  of  Soorapoor.  Here,  exposed  in  rain-gullies  cutting  into  this 
breccia-conglomerate  talus,  I  found  several  large  and  well-shaped 
implements  of  the  pointed  oval  type,  and  remarkable  for  their  being 
made  of  compact,  hard  and  rather  siliceous  limestone.  This  lime- 
stone is  the  best  material  for  the  manufacture  of  implements  to  be 
found  in  the  immediate  neighbourhood.  These  implements  I  also 
exhibited  at  Vienna  in  1873,  and  they  are  now  in  the  Indian  Museum 
in  Calcutta. 

The  only  other  chipped  implement  beside  the  above,  not  made  of 

1  For  a  fuller  description  of  these  beds  see  my  Memoir  on  the  South  Mahratta 
Country  in  the  Memoirs  of  the  Geol.  Surrey  of  India,  vol.  xii.  p.  241.  ~       •     1 

'  Together  with  these  I  exhibited  a  small  but  very  interesting  series  of  Neolithic 
implements  from  the  Salem,  Bellary,  and  Kaladgi  districts,  wnich  are  also  now  in 
the  Calcutta  Museum. 
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quartzite,  that  I  found  in  the  South  Mahratta  country  was  a  well- 
made  thin  leaf-shaped  flake,  made  of  a  chert  strongly  resembling  the 
intertrappean  chert  rock  capping  the  "  One-tree-hill "  at  Shellugi,  to 
the  S.  S.  E.  of  Bijapur,  which  I  have  described  in  my  Memoir  on  the 
South  Mahratta  Country. 


IV. — Analysis  of  Moa  Eoq-shkll. 

By  Prof.  A.  Liyersidge,  F.C.S.,  F.G.S.,  University  of  Sydney. 

Bead  before  the  Philosophical  Institute  of  Canterbury,  Xew  Zealand,  August,  1880. 

I  AM  indebted  to  the  kindness  of  Dr.  Julius  von  Haast,  F.B.S., 
Director  of  the  Canterbury  Museum,  New  ZeeJand,  for  the 
specimen  which  is  the  subject  of  this  note.  The  little  packet  of  frag- 
ments was  labelled  Moa  Hunter,  Kitchen  Midden  SiEindhills,  near 
Moa  Cave,  Point  Sumner,  New  Zealand. 

All  the  fragments  appeared  to  be  more  or  less  weathered,  and  the 
edges,  except  where  freshly  fractured,  were  smooth  and  rounded, 
and  their  general  appearance  seemed  to  indicate  that  they  had  been 
subjected  either  to  thd  action  of  blown  sand  or  to  that  of  water 
charged  with  carbonic  acid  gas ;  both  influences  may  of  course  have 
been  at  work  together. 

The  fragments  were  all  very  brittle ;  the  fractured  edges  plainly 
showing,  without  the  aid  of  a  lens,  the  presence  of  two  distinct 
layers  in  most  of  the  fragments ;  the  inner  or  concave  layer,  i.e.  the 
one  facing  the  interior  of  the  shell,  having  a  pale  brown  colour, 
the  middle  portion  being  quite  white,  whilst  the  outer  surface  of  the 
shell  presented  a  pale  tint  of  brown ;  judging  from  the  different 
depths  of  tints,  tlie  varying  thicknesses,  and  appearance,  the  pieces 
were  apparently  fragments  of  several  different  shells. 

It  is  imnecessary  for  me  to  give  any  account  of  the  microscopical 
structure  of  the  shell,  since  that  has  j^een  so  ably  done  by  Prof.  F. 
W.  Hutton,  of  Canterbury  College,  New  Zealand  {vide  Transactions 
of  the  New  Zealand  Institute,  vol.  iv.  p.  166). 

Tlie  pores  are  readily  seen  to  penetrate  right  through  the  sub- 
stance of  the  shell,  on  account  of  the  brown -coloured  matter  which 
most  of  them  contain ;  some  appear  to  penetrate  only  to  a  certain 
limited  distance ;  but  this  is  because  the  direction  of  the  pores  is 
not  straight,  and  a  portion  of  their  length  is  cut  off  in  the  section ; 
their  apertures  are  visible  on  the  inside  of  the  shell  as  well  as  on 
the  outside ;  the  outer  openings,  however,  are  considerably  larger  and 
are  funnel  shape — many  of  these  pores  can  be  seen  to  pass  through 
from  side  to  side  by  the  unassisted  eye. 

The  middle  portions  of  the  egg-shell  are  shown  to  be  of  softer 
material  than  the  two  surfaces,  since  most  of  the  weathered  pieces 
«how  a  groove  running  along  the  edges. 

On  ignition  all  the  pieces  of  shell  experimented  upon  blackened, 

and  emitted  an  aramoniacal  odour,  thus  plainly  showing  that  they  had 

by  no  means  lost  the  whole  of  their  organic  matter,  and  on  dissolving 

portions  in  acetic  acid  flocculent  particles  of  organic  matter  wei*e 

}eft  floating  in  the  solution  ;   this  organic  residue,  was  collected,  and 
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found  to  be  a  readily  combustible  nitrogenous  body;  under  the 
microscope  it  presented  traces  of  an  organized  structure. 

A  careful  qualitative  analysis  was  made  of  a  portion  of  tbe  shell, 
and  in  addition  to  calcium  carbonate,  alumina  (with  traces  of  iron), 
phosphoric  acid,  magnesia,  sulphur,  potash  and  soda  were  found  to 
he  present,  the  latter  three  were  in  very  small  quantity  and  no  estima- 
tion of  the  amounts  was  attempted. 

Moisture  driven  off  at  100°  C -20 

Carbonic  acid    •....  40*06 

Phosphate  of  alumina  with  traces  of  iron     '29 

Lime 53*65 

Phosphate  of  magnesia    '17 

Phosphoric  acid    'SQ 

Organic  matter 4*90 

Undetermined,  including  traces  of  sulphur,  potash  and  soda  *  15 

100-00 

The  above  results  calculated  out  to  the  proximate  constituents 
give  the  following : — 

Calcium  carbonate 91  -02 

,,       phosphate  1  '29 

Magnesium  phosphate  (Mg3(Po 4)2)    *17 

Aluminum  pnospnate  with  traces  of  iron  (Al2(Po4)2)      . .  '29 

Lime 1-98 

Organic  matter , ,  4*90 

Traces  of  sulphur,  soda,  and  potash,  undetermined  ......  *15 

Moisture  driven  off  at  100*  C 20 

100-00 

The  amount  of  organic  matter  was  determined  by  the  loss  on 

ignition  after  deducting  the  carbonic  acid  and  moisture  present ;  thus : 

Loss  on  ignition  (carbonic  acid,  moisture  and  organic  matter)  =     45*15% 
Less  carbonic  acid  40-05%  and  moisture  -20%  =     40*26 

.*.  organic  matter  . . . .  =  4 -90 
This  organic  matter  probably  in  part  consisted  of  albumen,  since 
both  sulphur  and  soda  were  present ;  the  acetic  acid  solution  also, 
from  which  the  flocculent  organic  matter  had  been  filtered,  became 
turbid  on  boiling,  thus  affording  an  additional  confirmatory  reaction 
for  albumen.  I  much  regret  that  the  small  quantity  of  shell  at  my 
disposal'  did  not  permit  me  to  prosecute  this  part  of  the  inquiry 
further. 

The  phosphates  of  alumina  and  of  magnesia  were  determined  by 
dissolving  out  the  phosphate  of  magnesia  by  means  of  acetic  acid 
from  the  precipitate  containing  the  mixed  phosphates  thrown  down 
by  ammonia ;  the  amount  of  iron  present  was  so  small  that  it  was 
disregarded. 

It  will  be  noticed  that  1*98  per  cent,  of  lime  in  the  above  results  • 
is  uncombined  with  any  acid ;  it  therefore  probably  existed  as  an 
organic  compound,  perhaps  as  an  albuminate.  The  amount  of  car-  . 
bonio  acid  found  in  the  shell  itself  was  40*05  per  cent.,  but  on 
treating  the  ignited  residue  (of  quick  lirae)  with  ammonium  carbonate, 
and  again  determining  the  carbonic  acid,  41*48  ^/^  was  found,  or  an 
excess  of  l*437^j  over  and  above  that  furnished  by  the  original  shell 
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itself;  thiB  1*43 ^/^  of  carboDic  acid  would  by  calciilation  require 
1*82  per  cent,  of  lime,  whilst  the  actual  excess  of  lime  found  was 
1*98  ;  the  di£ferenoe  *18^/o  between  the  calculated  amount  and  that 
found  is  quite  within  the  range  of  experimental  error. 

It  was  thought  that  perhaps  it  was  just  possible,  although  not  very 
probable,  that  the  shell  had  been  subjected  to  the  action  of  fire,  and 
that  part  of  the  lime  might  still  be  in  the  caustic  state ;  but  nothing 
was  found  to  confirm  this  momentary  idea ;  the  powdered  shell  turned 
red  litmus  paper  blue,  but  not  to  a  greater  extent  than  does 
powdered  marble ;  and,  moreover,  the  presence  of  the  organic  matter 
found  in  all  the  fragments  examined  completely  negatived  the 
supposition  that  they  had  lost  part  of  their  carbonic  acid  by  the 
action  of  fire. 

The  specific  gravity  of  the  shell  was  found  to  be  2*706  when 
taken  in  the  form  of  powder  ;  the  uncrushed  shell  after  long  soaking 
in  water  gave  a  specific  gravity  of  2*530 ;  and  after  warming  until 
air  bubbles  ceased  to  be  expelled,  it  was  found  to  be  2*610 ;  the 
difference  between  the  first  and  second  determinations  gives  a  rough 
estimate  of  the  amount  of  air  space  in  the  substance  of  the  shell. 

On  comparing  the  results  of  the  analysis  of  the  Moa  egg-shell  with 
the  analyses  of  recent  egg-shells,  it  will  at  once  be  apparent  that  the 
composition  of  the  Moa  egg-shell  differs  but  little  from  them ;  hence, 
it  has  in  all  probability  undergone  but  a  slight  amount  of  change. 

The  following  analysis  of  the  egg-shell  of  the  domestic  fowl,  made 
by  Vauquelin,  is  quoted  in  Watt's  Dictionary  of  Chemistry,  vol.  iL 
p.  363  :— 

Calcium  carbonate    89-6 

„      phosphate  with  a  little  magnesium  phosphate     . .         6-7 

Animal  matter  containing  siilphur 4*7 

100-0 

In  the  supplement  to  Watt's  Dictionary,  p.  549,  the  following 
analyses  by  W.  Wicke  are  also  cited : — 

Ilcron.  Gall.  Pheasant.  Goose.  Hen.  Duck. 

Calcium  carbonate 94  GO  91-96  93-33  96-26  93*70  9442 

Magnesium '69  -70  '66  -72  1  '39  -50 

Phoj«phates     -42  -83  1-37  '47  '76  -84 

Organic  Kubstauces    ..       4*30  6-45  4-64  3-65  4-16  4*24 


V. — ClASSIFICATION  OP   THE    PLIOCENE  AND   PLEISTOCENE  BeDS. 

By  Clement  Reid,  F.G.S.  :  of  II.M.  Geolo^icjil  Survey. 
(Published  by  permission  of  the  Dircnitor- General  of  the  Geological  Survey.) 

IN  former  papers  on  the  Pliocene  and  Pleistocene  Beds  near  Cromer, 
an  account  has  been  given  of  the  character  and  succession  of 
these  deposits.^  I  have  since  obtained  fuller  information  with  regard 
to  the  beds  beneath  the  Boulder-clay,  and  now  give  a  more  complete 
table,  and  also  venture  to  propose  the  subjoined  classification  of  the 
newer  Tertiaries,  reserving  all  details  for  the  Survey  Memoir. 

On  the  Chalk  near  Cromer  there  is  the  shelly  crag,  which  I  have 
'called  Weyboum  Crag.  This  is  most  intimately  allied  to  the  older 
crags,  only  one  out  of  the  fifty-four  marine  moUusca  it  contains 
being  a  fresh  arrival. 

'  Geol.  Mao.  Dec.  II.  Yol.  IV.  p.  300,  and  Vol.  VII.  p.  66. 
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Above  this  is  found  the  "  Forest  Bed  Series/'  consisting  of  two 
fresh- water  beds,  with  an  intervening  estuarine  deposit  (the  ''  Forest 
Bed  "  of  Norfolk  geologists),  containing  large  bones  and  abundance 
of  drift  wood  and  tree  stamps.  These  divisions  appear  to  be  inti- 
mately connected. 

Next  comes  the  "Leda  myalis**  Bed,  previously  described.  This 
having  yielded  a  very  small  fauna,  may  ultimately  be  found  to  belong 
to  the  Pleistocene ;  at  present  it  is  left  with  the  Crags. 

At  this  point  I  should  draw  the  line  between  Pliocene  and  Pleisto- 
cene, for  the  next  deposit,  the  Arctic  Fresh -water  Bed,  shows  a 
marked  change  of  conditions.  Trees  have  entirely  disappeared,  and 
the  plants  include  the  dwarf  arctic  birch  and  arctic  willow.  The 
fi&una  and  flora  show  the  first  incoming  of  arctic  land  species,  and 
indicate  a  lowering  of  the  temperature  by  about  twenty  degrees,  a 
difference  as  great  as  that  between  the  South  of  England  ^and  the 
North  Cape  at  the  present  day. 

The  classification  I  have  been  led  to  adopt  is  founded  upon  the 
great  oscillations  of  temperature,  and  corresponding  changes  in  the 
animals  and  plants.  Changes  in  the  physical  geography  have  also 
been  taken  into  account,  as  they  must  always  cause  changes  in  the 
fauna  and  fiora ;  but  this  branch  of  the  subject  I  hope  to  deal  with 
in  the  Geologiccd  Survey  memoir. 

It  appears  to  be  commonly  felt  that  Ly ell's  classification,  in  which 
the  Pliocene  extends  into  the  middle  of  the  Olacial  deposits,  is  very 
inconvenient ;  and  in  talking  with  geologists  I  find  that  they  insen- 
sibly speak  of  Pleistocene  as  equivalent  to  the  whole  of  the  Glacial 
and  Palceolithic  periods.  Professor  Boyd  Dawkins,  on  the  other 
hand,  wishes  to  separate  the  Forest  Bed  from  the  Crag,  and  class  it 
with  the  Pleistocene,  but  it  certainly  is  much  more  naturally  con- 
nected with  the  older  deposits. 

For  these  reasons  I  think  the  classification  here  suggested  will  be 

the  simplest,  though  it  necessitates  a  slight  alteration  in  Lyell's  test, 

founded  on  the  per-contage  of  extinct  mollusca. 

Olacial  deposits  of  the  North  of  England  ?  and  valley  \  yg^^j  Pleistocene 
deposits  of    the  south,   newer    than  the   Chalky  j  j^^j.^^  ^^  ^^^  ^^^^ 


Boulder-clay  (Palicolithic  period). 
Chalky  Boulder-clay. 

Stratified  beds  (including  Middle  Glacial  of  Yarmouth.) 
TiU. 


Arctic   Fresh -water   Bed. 

land  specie:^.) 
LetUi  myalia  Bod. 
Upper  Fresh -water  Bed. 
Forest  Bed  (estuarine). 
Lower  Fresh -water  Bed. 
Weyboum  Craj^. 
Chillesfoni  Crajr. 
Flnvio-marine  Crag. 
Bed  Crag. 
Coralline  Crag 
Black  Crag  of  Antwerp. 


(First  appearance  of  Arctic 


Older  Pleistocene. 
'Commencement  and  great 
increase  of  cold. 

Xewer  Pliocene. 

(Upper  or  Fluvio-marine 
Crag.)  Climate  cold- 
U-mperate  antl  probably 
nearly  uniform  during 
the  whole  period.  Sea 
open  to  the  north  only. 


\  Older  Pliooone.    (L.  Crag.) 
]  Climate  Mediterranean. 

Most  of  the  details  of  the  above  classification  will,  of  course,  be 

only  applicable  to  the  East  Anglian  District. 
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VI. — ^The  Mammoth  in  Siberia.* 

By  Henry  H.  Ho  worth,  F.S.A. 

WE  have  surveyed  the  distribution  of  Mammoths'  remains  in 
Siberia,  especially  of  those  in  which  the  soft  parts  have  been 
preserved,  and  have  found  them  distributed  along  its  whole  length 
from  the  Kara  Sea  to  the  peninsula  of  the  Chukchi.  We  have  seen 
that  these  remains  are  found  in  large  numbers,  and  that  the  further 
north  we  travel,  the  more  abundant  do  they  become.  That  while  in 
Central  Siberia  they  are  comparatively  unfrequent,  as  we  near  the 
Arctic  border-land,  the  river  banks  and  tundras  teem  more  and  more 
with  them,  until  in  the  Bear  Islands  and  the  islands  of  New  Siberia 
the  ground  is  largely  composed  of  the  bones  of  Mammoths  and  the 
associated  animals.  These  very  abnormal  facts,  which  are  now 
familiar  enough,  have  naturally  attracted  a  great  amount  of  specula- 
tion, and  the  question  has  arisen  on  many  sides,  How  came  they 
here?  As  we  have  seen,  the  unsophisticated  natives  explain  the 
presence  among  them  of  carcases  of  huge  animals  with  their'  flesh 
intact,  by  the  elementary  theory  that  the  animals  are  stiU  alive  and 
live  underground,  dying  only  when  exposed  to  the  sun  light 

Bayer,  the  famous  Eussian  Academician,  who  wrote  in  the  pre- 
critical  days  of  Geology,  urged  that  these  remains  were  the  debris  of 
a  vast  campaign ;  that  they  were  the  remains  of  elephants  which 
Chinghiz  Khan  had  taken  with  him  in  one  of  his  conquering  marches, 
and  which  had  perished  on  the  way,  quite  oblivious  of  Chinghiz 
Khan's  actual  movements,  and  of  his  unacquaintance  with  elephants. 
The  notion  may  be  paired  off  with  the  similar  suggestions  explaining 
the  presence  of  huge  bones  in  Italy  and  Britain  as  the  remnants  of 
the  respective  campaigns  of  Pyrrhus  and  of  Claudius.  Isbrand  Ides 
and  other  early  travellers  were  at  least  more  plausible  when  they 
invoked  the  Noachian  deluge  to  account  for  what  to  them  was  un- 
doubtedly a  most  extraordinary  fact  These  immature  theories  we 
only  mention  as  historical  curiosities,  and  pass  on  to  more  generally 
adopted  ones.  These  may  be  limited  to  two  hypotheses.  First, 
that  these  animals  lived  much  further  south,  and  were  carried  do^^n 
by  the  rivers  to  the  sites  where  the}'  are  now  found.  Secondly,  that 
they  lived  and  died  where  their  remains  are  now  found.  The  former 
theory  was  once  a  favourite  one.  It  seemed  incredible  that  animals, 
whose  nearest  relatives  now  live  only  in  tropical  countries,  should 
have  existed  under  such  very  different  conditions  as  must  have  pre- 
vailed in  Siberia,  and  it  was  natural  that  speculation  should  have, 
gone  in  the  direction  that  these  animals  lived  much  further  south 
than  where  their  remains  are  now  found,  and  should  have  been 
floated  down  the  rivers  of  Siberia  to  the  borders  of  the  Polar  Sea. 
When,  however,  carcases  of  the  animals  were  discovered  covered  with 
woolly  hair,  evidently  adapting  them  for  a  much  colder  climate  than 
those  of  Africa  or  India,  where  their  relatives  have  more  or  less  bare 
skins  ;  when,  again,  Brandt  and  others  showed  from  an  examination 
of  the  cavities  in  the  teeth  of  the  Bhinoceros  tichorhinus,  as  I  shall 
point  out  presently,  that  these  pachyderms  did  not  feed  on  tropical 

^  >  See  former  ArtkYea  m  G-eo^.Ukcj.  \%^Q,  ^^.  408  and  491. 
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plants,  bat  on  plants  still  growing  in  Siberia ;  when,  again,  it  was 
considered  how  impossible  it  would  be  for  carcases  of  huge  animals 
to  float  down  such  rocky  rivers  as  the  Yenissei  for  hundreds  of  miles, 
and  yet  retain  not  only  their  flesh  but  their  long  hair  intact, — opinion 
xapidly  changed,  and  settled  down  to  the  view  that  these  animals 
must  have  lived  where  their  remains  are  found,  and  this  is  largely 
supported  by  other  considerations.  The  remains  are  not  only  found 
on  the  banks  of  the  long  rivers  and  in  the  deltas  which  they  form, 
but  perhaps  even  more  abundantly  on  the  very  short  rivers  which 
iiedl  into  the  Arctic  Sea,  such  as  those  between  the  Eolyma  and  the 
Indigerka.  They  are  found  also  not  only  on  the  deltas  of  these 
rivers,  but  far  away  to  the  north,  in  the  islands  of  New  Siberia, 
beyond  the  reach  of  the  currents  of  the  small  rivers,  whose  mouths 
are  opposite  those  islands.  They  are  found  not  only  in  North 
Central  Siberia,  where  the  main  arteries  of  the  country  flow,  but  in 
great  numbers  east  of  the  river  Lena,  in  the  vast  peninsula  of  the 
Chukchi,  in  the  country  of  the  Yukagirs,  and  in  Kamskatka,  where 
there  are  no  rivers  down  which  they  could  have  floated  from  more 
temperate  regions.  Again,  the  remains  are  not  merely  found  in  the 
beds  or  on  the  banks  of  rivers,  but  in  nearly  all  parts  of  the  tundra. 
Thus  Wrangell  says — "The  best  Mammoth  bones  as  well  as  the 
greatest  number  are  found  at  a  certain  depth  below  the  surface, 
usually  in  clay  hills,  more  rarely  in  black  earth.  The  more  solid 
the  clay,  the  better  the  bones  are  preserved.  Experience  has  also 
shown  that  more  are  found  in  elevations  situated  near  higher  hills 
than  along  the  low  coast  or  on  the  flat  tundra  "  (Wrangell's  Voyage, 
286,  note).  Again,  in  another  place  he  tells  us  these  bones  are  found 
in  clay  hills,  in  the  tundras,  and  along  the  banks  of  rivers  ;  and  he 
mentions  how  M.  Bereslinor  set  off  from  Nijni  Kolymak  to  find 
Mammoth  bones  on  the  eastern  tundra  (ib.  168).  Again,  they  are 
found  on  the  banks  of  rivers  running  south,  like  the  Volga  and  the 
Ural,  as  well  as  on  those  of  rivers  flowing  north.  Again,  if  the 
home  and  habitat  of  the  Mammoths  had  been  further  south, 
we  should  assuredly  have  found  their  remains  chiefly  prevailing 
there,  while  the  contrary  is  the  case ;  and  the  further  we  go  north, 
the  more  abundant  they  become.  Where,  also,  in  Asia  could  a  tropi- 
cal habitat  be  found  whence  these  animals  could  have  floated  ?  The 
great  rivers  of  Siberia,  the  Lena,  the  Yenissei,  and  the  Obi,  sprung 
in  a  district  where  the  winter  climate  is  singularly  severe ;  south  of 
these  head  streams  are  the  sand  wastes  of  the  Kirghiz  Kazahs  and  of 
Mongolia,  which  were  apparently  a  sea  bottom  in  former  times,  and 
whose  climate  and  other  surroundings  are  even  more  adverse  than  ^ 
those  of  Central  Siberia.  TTiese  physical  difficulties  point  only  to  \  . 
one  conclusion.  The  same  conclusion  was  arrived  at  by  Brandt, 
from  a  consideration  of  the  fact  that  the  bodies  and  skeletons  of  ; 
Mammoths  are  sometimes  found  standing  upright,  as  if  they  had  ( 
sank  in  that  position  into  the  soft  ground.  This  was  the  case  with 
the  specimen  found  by  Ssary tschef,  near  Alansk,  already  mentioned ; 
with  a  skeleton  found  about  1827  near  Petersburgh,  as  reported  to 
Brandt  by  Pander ;  a  third  which  was  found  in  the  peninsula  of  the 
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Obi,  fifty  TeTBts  from  the  mouth  of  the  Terambei ;  and  a  fourth  found 
in  the  government  of  Mosoow,  all  of  which  are  discussed  by  Brandt 
(Bull,  de  la  Soo.  Imp.  des  Naturalists  de  Mosoou,  xl.,  part  2,  240-249). 
Lastly,  it  would  seem  that  we  can  actually  discriminate  the  Mammoths 
which  are  found  in  the  furthest  north  ^m  those  found  further  south 
by  certain  idiosyncracies.  Hedenstrom  says  that  the  bones  and  tusks 
are  less  large  and  heavy  the  further  we  advance  towards  the  north, 
so  that  it  is  a  rare  occurrence  on  the  islands,  t.6.  New  Siberia,  to 
meet  with  a  tusk  of  more  than  three  pood  in  weight,  whereas  on  the 
continent  they  are  said  often  to  weigh  as  much  as  twelve  pood 
(Wrangell,  cxxxii). 

In  every  way  the  problem  is  examined  it  becomes  impossible  to 
suppose  that  these  remains  have  floated  far,  and  the  notion  that  they 
did  so  may  be  said  perhaps  to  be  almost  extinct,  and  is  certainly  dis- 
carded by  nearly  all  observers  who  know  the  country  and  are 
authorities  on  the  Mammoth,  by  Brandt  and  Baer  and  Sohrenck, 
etc.,  etc.,  Middendorf  being  the  only  exception  known  to  me.  We 
are  remitted,  therefore,  to  the  alternative  theory,  that  the  Mammoths 
lived  where  their  remains  are  now  found.  This  theory,  however, 
raises  some  considerations  and  postulates  which  have  hardly  been 
sufficiently  considered.  Considerations  of  climate  and  of  food.  The 
fact  that  the  Mammoth  was  covered  with  short  thick  wool,  and  had 
besides  considerable  masses  of  long  hair,  which  apparently  formed 
a  mane,  and,  perhaps  covered  the  front  part  of  the  body,  like  those 
of  the  musk  sheep  and  the  bison,  prove  that  the  animal  did  not  live 
under  the  same  conditions  as  it  does  in  Africa  and  India.  It  proves 
that  its  physique  was  adapted  to  a  much  more  temperate  climate. 
The  same  covering  on  the  Rhinoceros  tichorhinna  argues  the  same 
conclusion,  lirandt  has  examined  the  question  of  this  hairy  and 
woolly  covering  in  great  detail  in  a  Memoir  published  in  the  Bulletin 
of  the  St.  Petersbnrpjh  Aeadcm}*.  The  same  result  has  been  arrived 
at  from  an  examination  of  the  remains  of  the  food  of  the  Bhinoeeros 
tichorhinns  found  in  the  cavities  of  its  teeth,  to  which  we  will  revert 
presentl}',  and  which  shows  that  the  food  of  these  Siberian  pachy- 
derms was  very  different  to  that  of  their  relatives  who  now  live  in 
the  tropics.  The  same  conclusion  may  be  deduced  from  an  exami- 
nation of  the  remains  of  the  plants  and  fresh-water  molhisks  found 
imbedded  in  the  same  stratum  with  the  Mammoths'  remains.  The 
same  conclusion  again  is  reached  when  we  consider  the  present 
zoological  distribution  of  some  of  the  animals  whose  remains  are 
found  with  those  of  the  i\Iammoth,  namely,  the  bison,  the  musk 
sheep,  and  the  reindeer,  all  of  which  are  animals  confined  to  cold 
latitudes.  These  factors  in  the  problem  are  unmistakable,  and  have 
been  veiy  generally  held  to  prove  that  the  climatic  conditions  under 
which  the  Mammoth  lived  were  not  at  all  tropical  but  rather  the 
reverse.  This  is  imiversally  held,  but  at  this  point  many  of  our 
inquirers  have  stopped  short  Content  to  have  proved  this,  they 
have  concluded  that  the  problem  was  in  a  measure  solved,  but  this 
is  far  from  being  so.  Granted  that  the  Mammoth  was  fitted  to  live 
in  a  very  temperate  climate,  fed  on  plants  growing  only  in  a  tem- 
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perate  zone  and  associated  with  animals  having  their  present  abodes 
near  the  arctic  circle,  the  farther  question  repiains,  was  it  possible 
that  these  animals  could  live  under  the  present  climatic  conditions 
of  Siberia,  and  especially  Northern  Siberia  ? 

I  think  I  may  say  without  hesitation  that  no  inquirer,  no  student 
of  thisr  question,  who  has  either  himself  been  in  Siberia,  or  who 
knows  what  the  conditions  of  a  Northern  Siberiem  climate  are,  has 
ever  answered  this  question  affirmatively.  Pallas,  Middendorf, 
Baer,  Brandt,  Schmidt,  Schrenck,  etc.,  all  are  agreed  on  this,  that  the 
vast  herds  of  Mammoths  and  the  associated  animals  could  not  live 
in  Northern  Siberia  under  its  present  conditions.  It  needs  but  a 
very  cursory  examination  of  a  physical  map  of  Asia  to  show  this. 
If  we  draw  an  isotherm  marking  the  present  southern  limit  in 
Siberia  where  the  ground  is  permanently  frozen  all  the  year  round, 
at  two  or  thi^ee  feet  below  the  surface,  we  shall  find  it  to  include  not 
only  all  the  district  in  which  Mammoths'  bodies  have  been  found 
more  or  less  intact,  but  all  the  chief  deposits  of  their  bones,  and  if 
we  inquire  what  kind  of  climate  there  is  within  this  zone,  we  shall 
not  hesitate  very  long  in  our  answer.  Travellers  are  agreed  that  the 
ground  is  perpetually  frozen  from  two  to  three  feet  below  the 
surface  in  all  the  country,  and  we  are  told  the  Yakuts  merely  dig 
holes  in  the  frozen  ground  as  meat  safes  (Tilesius,  op,  ciL  429). 

At  Dudirao,  on  the  Lower  Yenissei,  Schmidt  says  vegetation  does 
not  begin  to  appear  till  the  16th  of  June,  when  the  catkins  of  the 
willow  and  some  green  leaves  began  to  thrust  upwards  through  the 
snow,  on  the  Yenissei  islands  and  the  Tundra  he  noticed  no  green 
till  July,  when  the  Salix  Innata  appeared,  followed  by  Nardoaima 
frigida  and  Chrynoaplenium  alternifolium.  On  the  Tundra  in  the 
neighbourhood  of  the  Jyda,  the  summer  lasted  from  the  13th  of 
July  to  the  5th  of  August  Even  during  this  interval,  he  says  in 
another  place,  there  were  constant  north  winds  and  frost  at  nights, 
while  the  land  was  covered  with  snow  on  the  28th  of  June  through 
which  the  young  shoots  were  appearing. 

At  the  other  end  of  Siberia,  we  find  Billings  describing  the 
Chukchi  land  as  consisting  of  bare  valleys  and  naked  hills  with  no 
vegetation,  except  a  scanty  grey  moss  that  springs  from  among  the 
stones,  and  serves  as  food  for  the  Reindeer.  Only  in  a  few  valleys 
did  he  observe  a  few  stunted  sand  willows.  The  climate,  he  says, 
is  the  most  melancholy  that  can  be  conceived ;  before  the  20th  of 
June  there  is  no  symptom  of  summer,  and  on  the  20th  of  August 
the  winter  sets  in  again  "  (Wrangell,  cxiii). 

Speaking  of  the  district  of  the  Lower  Kolyma,  Wrangell  says : 
"The  vegetation  of  summer  is  scarcely  more  than  a  struggle  for 
existence.  In  the  latter  end  of  May  the  stunted  willow  bushes  put 
out  little  wrinkled  leaves,  and  those  banks  which  slope  towards  the 
south  become  clothed  with  a  serene  verdant  hue.  In  June,  the  tem- 
perature at  noon  attains  72° ;  the  flowers  show  themselves,  and  the 
berry-bearing  plants  blossom,  when  sometimes  an  icy  bleist  from  the 
sea  turns  the  verdure  yellow,  and  destroys  the  bloom.  .  .  .  Winter 
so  called  prevails  during  nine  months  of  the  year.     In  October  the 
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oold  is  somewhat  mitigated  by  thick  fogs  and  by  the  vapour  riang 
from  the  freezing  sea ;  but  in  November  the  great  oold  begins,  and 
in  January  increases  to  —  65^.  Then  breathing  becomes  difficult ;  the 
wild  Reindeer,  that  citizen  of  the  Polar  region,  withdraws  to  the 
deepest  thicket  of  the  forest,  and  stands  thc^  motionless  as  if 
deprived  of  life.  ...  As  the  sun  returns,  the  cold  becomes  even 
more  sensible,  and  the  intensity  of  the  frost  which  accompanies  the 
rising  of  the  sun  in  February  and  March  is  especially  penetrating  '* 
{id.  48  and  49). 

The  larger  portion  of  North  Siberia  is  now  a  naked  tundra,  on 
which  no  tree  will  grow ;  swept  by  terrible  icy  winds,  and  covered 
with  moss,  sprinkled  with  a  few  humble  flowers,  on  such  feeding 
ground  it  is  physically  impossible,  as  has  been  well  said,  that 
Elephants  and  Bhinoceroses  could  exist  They  cannot  graze  close 
to  the  ground  like  oxen.  They  live  on  the  foliage  and  small 
branches  of  trees,  and  on  juicy  canes  and  long  grass  (which  grows 
shoulder  high  in  the  jungles  and  the  beds  of  African  rivers),  and 
would  starve  even  on  one  of  our  Craven  pastures  where  the  grass  is 
dose.  This  even  in  summer,  but  how  in  winter,  which  practically 
lasts  for  ten  months  in  the  year,  when  the  tundra  is  covered  deep 
with  8now,  and  the  teirible  north  wind  sweeps  across  and  makes  it 
impossible  for  any  but  a  very  few  singularly  constituted  animal  to 
survive  it  ?  If  we  turn  from  the  tundras  to  the  rivers  which  thread 
them,  we  shall  find  that  the  limit  of  trees  certainly  goes  further 
north  in  the  river  valleys  than  on  the  tundra,  but  only  a  compara- 
tively short  distance,  and  near  the  mouths  of  the  Lena,  the  Obi,  and 
the  Yenissei,  where  such  multitudes  of  Mammoths*  remains  have 
been  found,  there  are  no  trees  and  no  shrubs,  but  a  bare  waste; 
for  the  greater  part  of  the  year  covered  with  snow,  and  for  three  or 
four  weeks  furnishing  a  slight  covering  of  green,  while  the  rivers 
themselves  are  for  many  months  frozen  hard  to  the  depth  of  several 
feet,  and  everything  everywhere  is  covered  with  thick  snow. 

Suppose  that  the  Mammoths  could  outlive  this  terrible  climate, 
a  more  important  question  remains  how  they  were  to  find  food. 
There  is  absolutely  nothing  here  for  them  to  eat  in  the  winter,  while 
in  the  summer  the  only  herbage  is  such  as  they  could  not  pasture. 
In  this  dilemma  there  seem  to  be  only  two  alternatives,  either  to 
postulate  a  huge  migration  north  and  south  as  the  seasons  changed, 
or  to  postulate  a  change  of  climate.  I  do  not  wish  to  encumber  this 
paper  with  any  questions  that  may  arise  elsewhere  than  in  Siberia, 
but  to  limit  myself  strictly  to  that  district.  There,  a  migration  such 
as  is  referred  to  is  perfectly  inadmissible.  In  the  first  place,  as  we 
have  tried  to  show,  even  in  summer  a  large  part  of  the  district 
where  the  Mammoths  are  found  is  quite  unsuited  to  their  mode  of 
feeding,  and  neither  in  quantity  nor  in  quality  of  food  could  they 
supply  their  wants,  they  must  inevitably  starve.  So  that  to  come 
there  in  summer  would  be  to  migrate  to  a  practical  desert.  For  we 
must  remember  it  is  not  a  question  of  finding  food  for  a  sporadic 

Eachyderm  or  two,  but  for  enormous  herds,  whose  hecatombs  we 
ave  described.     Again,  if  we  consider  the  configuration  of  Siberia, 
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and  the  vast  distances  over  which  this  migration  would  have  to  pass, 
we  shall  come  to  but  one  conclusion.  Where  could  the  Mammoths 
from  Kamskatka,  or  the  banks  of  the  Kolyma,  or  the  islands  of 
New  Siberia,  migrate  to  ?  Where,  in  fact,  could  any  of  those  living 
on  the  shores  of  the  Polar  Sea  migrate  to,  to  gain  a  favourable 
wintering  station?  Lake  Baikal  and  its  neighbourhood  have  a 
terribly  severe  winter.  South  of  these  are  the  Mongolian  Deserts. 
Even  if  the  distances  were  possible,  the  want  of  a  haven  of  refuge 
would  prevent  such  a  movement. 

There  remains,  therefore,  but  one  conclusion,  namely,  that  the 
climate  of  Siberia  has  changed,  has  become  much  more  severe  and 
inhospitable,  and  this  conclusion  seems  to  be  the  one  which  is 
making  its  way  among  observers.  The  change  of  climate  argued 
for  is  one  from  a  temperate  to  an  Arctic  character.  There  is  only 
one  fact  which  seems  to  militate  somewhat  against  this  view,  and 
which  has  had  the  effect  of  retarding  reasonable  conclusions  on  this 
subject.  If  you  postulate  such  a  change,  it  is  said,  what  is  to 
become  of  the  Arctic  fauna,  the  Keindeer,  the  Musk  Sheep,  etc.,  etc., 
associated  with  the  Mammoth  ?  This  is  a  very  fair  question,  and  may, 
I  think,  be  satisfactorily  answered. 

Those  who  have  found  small  difficulty  in  postulating  that  an 
Elephant,  a  Hycena,  or  a  Hippopotamus,  animals  essentially  tropical 
in  their  present  distribution,  should  have  lived  in  any  part  of 
Central  or  Northern  Asia;  who  have  had  no  difficulty  in  under- 
standing how  the  Tiger  should  still  live  in  Siberia  and  the  Camel 
survive  the  icy  temperature  of  Tibet,  have  apparently  overlooked  the 
fact  that  the  Musk  Ox  and  the  Reindeer  may  have  equally  elastic 
constitutions.  It  is  forgotten  that  the  Keindeer  undoubtedly  thrived 
in  Scotland,  if  not,  as  is  verj'  probable,  in  the  days  of  the  Norsemen, 
as  one  of  the  Sagas  asserts,  at  all  events  when  the  Pictish  forts  were 
built,  as  my  good  friend  Mr.  Dawkins  has  shown,  when  the  climate 
was  apparently  not  much  colder  than  at  present,  when  the  Shetlands 
and  Orkneys  were  occupied  by  thriving  woods,  although  wood  will 
grow  there  no  longer  ; — it  is  forgotten  that,  until  comparatively 
recently,  the  Beindeer  apparently  abounded  in  the  Southern  Urals 
and  in  Livonia,  and  that  it  is  still  found  largely  in  Manchuria, 
where  it  is  actually  the  prey  of  the  Manchurian  Tiger,  Similarly 
the  skulls  of  the  Musk  Sheep  have  occurred  in  a  very  fresh  condition 
much  to  the  south  of  the  present  habitat  of  that  animal,  and  there 
can  be  no  doubt  that  both  are  well  adapted  to  live  in  a  comparatively 
temperate  climate.  The  chief  condition  which  seems  to  affect 
the  distribution  of  animal  life  is  apparently  not  climate;  that  is 
only  a  secondary  element,  but  abundance  or  lack  of  suitable  food, 
and  in  the  case  of  the  Keindeer  and  Musk  Sheep,  perhaps  the 
antipathy  of  these  animals  and  their  kindred  to  damp.  On  this 
question  I  should  like  to  quote  some  facts  I  published  same  years  ago 
in  illustration  of  another  subject,  and  which  I  think  apposite. 

"Why  will  not  the  Keindeer  now  live  in  Scotland?  The  at- 
tempt to  introduce  it  has  been  made  more  than  once.  The  experi- 
ment has  been  described  in  considerable  detail  in  Mr.  Arthur  de 
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Capell-Brooke's  Travels  in  Lapland,  76,  et  seq.  Inter  alia  he  says : 
'  The  reindeer,  most  contrary  to  expectation,  was  not  only  found 
abundantly  in  Scotland,  but  in  most  parts  of  England,  particularly 
on  Bagshot  Heath,  while  the  climate  and  even  latitude  of  Scotland 
did  not  materially  diflfer  from  the  part  of  Norway  whence  they 
came.  Notwithstanding  these  favourable  circumstances,  they  died 
one  by  one,  till  I  believe  none  remained  in  Scotland/  It  cannot  be 
the  moss  is  not  of  the  same  quality,  for,  as  Mr.  Brooke  says,  the 
reindeer  is  by  no  means  particular ;  it  eats  the  leaves  of  the  birch, 
willow  and  aspen,  particularly  the  former,  and  browses  also  upon 
the  young  herbage  and  the  tender  shoots  of  the  mountain  shrubs. 
He  gives  a  long  list  of  the  plants  upon  which  it  habitually  feeds 
in  summer  (op.  cit  88  and  89).  He  also  tells  us  that  it  is  sometimes 
fed  on  hay  in  the  winter.  In  this  he  is  supported  by  Mr.  Laing, 
who  says  that  it  eat«  grass  and  hay  ns  well  as  moss.  It  lives  on 
moss  because  there  is  nothing  else  to  live  on  in  the  Fjeld  (Besidence 
in  Norway,  264).  There  is  therefore  no  reason  in  regard  to  its  food 
why  the  Reindeer  should  not  now  live  in  Scotland.  On  turning  to 
Iceland  we  have  a  different  tale  to  tell.  Twenty-four  does  were 
embarked  from  Hammerfest  in  Finmark  for  that  island.  They 
succeeded  very  well,  and  were  soon  so  abundant  that  Sir  George 
Mackenzie,  in  his  work  on  Iceland,  says  they  are  not  unfrequently 
seen  there  on  the  mountains  in  herds  of  sixty  or  one  hundred  to- 
gether. It  is  clear  therefore  that  some  change  has  occurred  recently 
in  Scotland  adverse  to  the  mode  of  life  of  the  reindeer.  The  obvious 
cause  of  this  at  first  sight  would  be  said  to  be  that  the  reindeer 
thrives  best  in  the  coldest  and  most  exposed  situations  :  that 
Scotland  and  Southern  Norway  are  too  warm  for  it;  while  Spitz- 
bergen,  Greenland  and  Siberia  are  its  more  natural  habitats,  and 
this  proves  in  some  measure  to  bo  confirmed  by  the  fact  that  the 
reindeer  formerly  in  not  remote  times  lived  in  Scotland  at  a  time  we 
have  many  reasons  for  believing  the  climate  there  was  much  more 
severe  than  it  is  now.  This  view  would  bo  partially,  but  not 
wholly  coiTCct  Mr.  Capell-Brooke  tells  us  at  the  samo  time  that 
when  the  imported  reindeer  were  dying  in  Scotland,  others  kept  in 
confinement,  and  experiencing  the  very  opposite  reverse  to  their 
former  mode  of  life,  not  merely  survived  but  remained  healthy  and 
vigorous ;  withstood  the  effects  of  a  London  season,  and  an  atmo- 
sphere most  unusual  to  them,  that  of  a  room  frequently  crowded  to 
suffocation  {op,  ciL  79)." 

As  I  have  said,  reindeer  thrive  in  the  mountains  north  and 
east  of  Manchuria,  a  comparatively  temperate  region,  and  lived 
until  quite  recently,  if  not  now,  in  the  Southern  Urals.  On  turning 
to  Mr.  Laing*s  most  admirable  narrative  of  a  residence  in  Norway,  I 
find  the  following  passage,  which  I  believe  solves  the  difficulty. 
Speaking  of  the  hair  and  skin  of  the  reindeer,  he  says,  "The  former 
does  not  throw  off  wet  well,  and  even  parts  from  the  skin  after  any 
continuance  of  moisture.  With  our  damp  climate  and  wet  ground 
the  animal  would  be  drenched  through  the  hair  to  the  skin  for  weeks 
togethery  and  would  die  of  cold  or  rot,  as  our  sheep  often  do  in  wet 
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Masons.  In  Norway  the  heavy  rains  occur  in  spring  or  autumn,  at 
which  seasons  what  is  rain  below  is  dry  snow  up  in  the  Fjeldes. 
Our  highest  hills  do  not  afford  in  summer  this  kind  of  refuge  from 
nin  and  damp  to  an  animal  whose  coat  keeps  off  any  degree  of  cold, 
bat  'Vfill  not  stand  continued  moisture"  (Laing's  Eesidence  in  Norway, 
264).  It  is  the  damp  of  our  latitude  now-a-days  that  the  reindeer 
caumot  endure.  It  is  strange  that  no  use  has  been  made  of  this  fact 
hitherto  in  zoological  reasoning,  for  it  is  a  very  potent  reason  why 
80  many  foreign  animals  die  here  in  our  menageries.  The  beasts  do 
not  suffer  from  cold  and  other  assigned  causes  as  from  damp.  Diseases 
of  the  lungs  are  the  scourges  of  such  establishments,  and  these  in- 
duced not  by  cold  but  damp.  The  camel,  the  tiger,  etc.,  can  endure 
the  exceedingly  bitter  cold  of  the  Tibetan  plateau  with  impunity, 
because  the  cold  is  a  dry  parching  cold.  The  lion  which  lived  in 
lustorioal  times  in  the  rugged  mountains  of  Thrace  need  not  fear 
the  cold  of  our  winters,  but  may  well  dread  our  damp  seasons,  which 
make  such  havoc  even  among  our  acclimatized  people.  Tliat  our 
dimate  has  grown  damper  is  probable  from  the  contemporaneous 
extinction  of  the  spruce  fir  with  the  reindeer,  the  former  of  which, 
as  well  as  the  other  linear-leaved  trees,  according  to  Ermann,  espe- 
cially likes  a  dry  air.  I  have  no  doubt,  therefore,  that  the  reindeer  \ 
is  quite  capable  of  thriving  and  thriving  well  in  temperate  climates 
when  other  suitable  conditions  are  at  hand,  and  that  it  is  a  mistake 
to  postulate  an  arctic  climate  wherever  we  meet  with  its  remains. 

Let  us  revert  once  more  to  the  Mammoth.  I  am  not  aware  that 
the  contents  of  the  stomach  of  any  Siberian  Mammoth  have  been 
hitherto  examined,  and  we  are  reduced  as  to  actual  evidence  of  food 
to  the  results  obtained  from  an  examination  of  the  fissures  of  the 
teeth  of  the  Khinoceros.  This  has  been  made  by  several  observers. 
Brandt  found  bits  of  coniferous  wood  and  remains  of  a  seed.  C.  A. 
Meyer  found  the  seed  of  an  Ephedra,  Mercklin  distinguished  the 
wood  of  a  willow.  The  most  elaborate  examination  of  such  frail 
debris  was  made  in  1876,  by  M.  Von  J.  Schmalhausen  (Bull.  St. 
Pet  Acad.  vol.  xxii.  p.  291)  ;  he  found  in  some  brown  matter  scraped 
from  a  Rhinoceros  teeth  from  Irkutsk  remains  of  monocotyledons  and 
dicotyledons,  and  recognized  traces  of  a  graminaceous  plant,  and  of  an 
ericaceous  one,  the  latter  probably  Vacciniivm  Vitis  Idaa,  Among 
the  remains  of  conifersa  were  those  of  a  Picea  (?  obovata),  of  an 
Abies  (?  aibirica)  of  a  Larix  (?  sibirica),  of  a  Betula,  of  a  Salix,  and 
of  an  Ephedra,  aU  plants  still  thriving  in  Southern  Siberia.  The 
d  priori  evidence  therefore  is  overwhelming,  that  when  the  Mam- 
moths and  their  associated  animals  lived  in  Siberia,  the  climate  was 
much  more  temperate.  Let  us  now  adduce  such  experimeutal 
evidence  as  we  possess.  We  cannot  of  course  take  our  thermometer 
with  us  to  those  days,  but  we  can  do  something  very  like  it,  we 
can  examine  the  debris  of  vegetation  that  has  survived  from  those 
times.  Plants  at  all  events  cannot  migrate;  they  must  stay  the 
winter  through,  and  they  afford  us  therefore  a  good  thermometer  to 
mark  where  ancient  isothermal  lines  passed.  Fortunately  remains 
of  such  plants  have  survived.     These  consist  of  two  series,  those 
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which  are  the  result  of  drift,  and  those  which  clearly  grew  on  the 
spot.  The  shrewd  observers  who  live  in  Siberia  long  ago  dis- 
criminated between  these  kinds,  and  gave  the  name  of  Noashina  to 
those  which  have  drifted,  and  of  Adamshina  to  the  indigenous  timber 
(see  Tilesius,  op.  ctt.  p.  446),  and  this  division  is  supported  by 
Gk>ppert,  who  separates  the  trunks  of  timber  found  in  Northern 
Siberia  into  a  northern  series  with  narrow  rings  of  annual  growth 
and  la  southern  with  wider  ones.  The  latter,  as  Schmidt  says,  doubt- 
less floated  down  the  rivers,  as  great  quantities  do  still,  while  the 
former  probably  grew  here  with  the  Mammoth  (Schmidt's  Beport, 
Bull.  St  Pet  Acad.  vol.  xiii.  p.  118). 

Describing  the  fresh-water  deposit  in  which  the  Mammoths' 
remains  occur  on  the  Lower  Yenissei,  Schmidt  says :  "It  consists 
generally  of  clay  alternating  with  layers  of  vegetable  matter,  con- 
sisting, like  the  similar  layers  of  vegetable  matter  on  the  banks  of 
the  Tundra  lakes,  of  water-mosses,  grass,  roots,  leaves,  pieces  of 
branches,  and  layers  of  low  weeds,  which  are  covered  in  the  spring 
floods  with  fresh  layers  of  clay.  .  .  .  Where  the  lakes  on  the 
Tundra  have  grown  small  and  shallow,  we  find  on  and  near  their 
banks  a  layer  of  turf,  under  which  in  many  places  are  rematM  of 
trees  tn  good  condition,  which  support  the  other  proofs  that  the  northern 
limit  of  trees  has  retrogressed,  and  that  the  cUmate  here  has  grown 
colder,  I  found  on  the  way  from  Dudimo  to  the  Ural  Mountains,  in 
a  place  where  larches  now  only  grow  in  sheltered  river  valleys,  in 
turf  on  the  top  of  the  Tundra,  prostrate  larch  trees  still  bearing  cones. 
We  also  found  on  the  Tundra  under  the  turf  near  Sselakim,  stems 
over  half  a  foot  in  diameter ;  similar  ones  are  only  now  found  occa- 
sionally on  slopes  with  a  southern  aspect  Lopatin  found  similar  trees 
still  more  to  the  north  in  the  cliff  of  Nikandrowskie  Jary  in  70j^ 
N.L.,  while  11  versts  above  Krestowkoje,  in  72^^  N.L.,  he  found  in  a 
layer  of  soil  covered  with  clay  on  the  upper  edge  of  the  banks  of 
the  Yenissei,  well-preserved  stems  like  those  of  the  birch,  with  their 
bark  intact,  and  sometimes  with  their  roots  attached,  and  three  to 
four  inches  in  diameter.  Professor  Merklin  recognizes  them  as 
those  of  the  Alnastcr  fruiicosus,  which  still  grows  as  a  bush  on  the 
islands  of  the  Yenissei,  in  lat  70^"^  N,  While  on  the  Tundra,  near 
Swerevo,  in  71"^  N.L.,  its  present  northern  limit,  it  creeps  along  the 
ground  with  a  stem  but  the  thickness  of  one's  finger.  With  the 
branches  and  roots  of  the  Alnaster,  Lopatin  found  a  mass  of  fine 
twigs  or  branches,  which  shows  it  was  not  drift  timber  "  {id,  112). 

In  the  deposit  where  the  Mammoth  on  the  Gyda  lay,  Schmidt 
found  some  Uypmim  mixed  with  the  leaves  of  Salix  retusa,  var. 
rotund  if  alia  and  Salix  glauca,  which  still  live  in  the  neighbourhooil, 
and  small  bits  of  wood  an  inch  thick  and  three  to  four  inches  long, 
and  roots  which  Professor  Merklin  recognized  as  larchwood.  No 
remains  of  larch  were  found  in  the  layers  above.  "  That  the  larcli 
grew  here  "  (where  there  is  now  only  a  bare  Tundra)  "  is  most  pro- 
bable. We  have  no  reason  to  believe  the  Gyda  ever  sprang  further 
north  than  it  does  now,  while  drift  wood  and  rolled  pebbles  do  noi 
occur  here  "  (id.  112-188). 
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Schmidt,  in  another  letter,  reports  that  he  was  told  hy  a  native 
of  Heligoland,  named  Bolting,  who  had  lived  for  twenty  years  at 
Tenisseisk,  that  at  Dudimo,  just  at  the  limit  of  the  woods,  he  had  seen 
in  a  miserable  larch  wood,  the  lower  part  of  a  stem  sticking  in  the 
ground  apparently  rooted,  which  was  three  feet  in  diameter  (Mems. 
St  Peters.  Acad.  ser.  vi.  vol.  v.  p.  295-296). 

Turning  from  Western  to  Eastern  Siberia,  we  find  Hedenstrom, 
who  crossed  the  Tundra  from  the  Indigerka  to  Ulsiank  in  1810, 
saying,  "  On  the  Tundra,  equally  remote  from  the  present  line  of 
forest,  among  the  steep  sandy  banks  of  the  lakes  and  rivers,  are 
found  large  birch  trees,  complete,  with  bark,  branches,  and  roots. 
At  the  first  glance  they  appear  to  have  been  well  preserved  by  the 
earth,  but  on  digging  them  up  they  are  found  -to  be  in  a  thorough 
state  of  decay.  On  being  lighted  they  glow,  but  never  emit  a  flame ; 
nevertheless,  the  inhabitants  of  the  neighbourhood  use  them  as  fuel, 
and  designate  these  subterranean  trees  as  Adamovshtshina,  or  of 
Adam's  time.  The  first  living  birch  tree  is  not  found  nearer  than 
three  degrees  to  the  north,  and  then  only  in  the  form  of  a  shrub  " 
(Wrangell,  cxxiv). 

On  the  same  journey  he  says  he  observed  on  Lake  Chostag,  which 
is  fourteen  versts  long  and  six  broad,  that  every  autumn  it  throws 
up  a  quantity  of  bituminous  fragments  of  wood,  with  which  its 
shores  in  many  places  are  covered  to  the  depth  of  more  than  two 
feet.  Among  these  are  pieces  of  a  hard  transparent  resinous  sub- 
stance, burning  like  amber,  though  without  its  agreeable  perfume. 
It  is  probably  the  hardened  resin  of  the  larch  tree.  The  Chostag 
Lake  is  situated  115  versts  from  the  sea,  and  80  versts  from  the 
nearest  forest  (id,). 

In  another  place  he  mentions  how,  in  a  cliff  from  30  to  35  feet 
high,  beyond  the  MsJaya  Europalasik  Yaga,  and  consisting  of  ice- 
clay  and  black  earth,  he  drew  out  some  interspersed  roots,  and 
found  them  to  be  birch,  and  as  fresh  as  if  only  just  severed  from 
the  trees.    The  nearest  woods  were  100  versts  distant. 

Samukof,  we  are  told,  found  on  the  island  of  Kililnoi  the  skulls 
and  bones  of  Horses,  Buffaloes,  Oxen,  and  Sheep  in  such  abundance 
that  these  animals  must  formerly  have  lived  there  in  large  herds. 
At  present,  however,  the  icy  wilderness  produces  nothing  that  could 
afford  nourishment,  nor  would  they  be  able  to  endure  the  climate. 
Samukof  concludes  that  a  milder  climate  must  formerly  have  pre- 
vailed here,  and  that  these  animals  may  therefore  have  been  con- 
temporary with  the  Mammoth,  whose  remains  are  found  in  every 
part  of  the  island.  Another  circumstance,  whence  he  infers  a 
change  of  climate,  is  the  frequent  occurrence,  here,  as  well  as  in  the 
island  of  New  Siberia,  of  large  trees  partially  fossilized  (Wrangell, 
cxxix). 

Erdmann  says  :  "  It  cannot  escape  notice,  that  as  we  go  nearer  to 
the  coast,  the  deposits  of  wood  below  the  earth,  and  also  the  deposits 
of  bones  which  accompany  the  wood,  increase  in  extent  and 
frequency.  Here,  beneath  the  soil  of  Yakutsk,  the  trunks  of  birch 
trees  lie  scattered,  only  singly,  but  on  the  other  hand  they  form 
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Buch  great  and  well-stored  strata  under  the  Tundras,  between  the 
Yava  and  the  Indigerka,  that  the  Yukagirs  there  never  think  of 
using  any  other  fuel  than  fossil  wood.  They  obtain  it  on  the  shores 
of  lakes,  which  are  continually  throwing  up  trunks  of  trees  from 
the  bottom.  In  tho  same  proportion  the  search  for  ivory  grows 
continually  more  certain  and  productive,  from  the  banks  of  the 
lakes  in  the  interior  to  tho  hills  along  the  coast  of  the  icy  sea.  Both 
these  kindred  phenomena  attain  the  greatest  extent  and  importance 
at  the  furthest  chain  of  the  islands  above  mentioned  (t.e.  New 
Siberia,  etc.),  which  are  separated  from  the  coast  of  the  mainland 
by  a  strait  about  150  miles  wide,  of  very  moderate  depth.  Thus  in 
New  Siberia,  on  the  declivities  facing  the  south,  lie  hills  2oO  or  300 
feet  high,  formed  of  drift  wood ;  the  ancient  origin  of  which,  as  well 
as  of  the  fossil  wood  in  the  Ti^udras,  anterior  to  the  history  of  the 
earth  in  its  present  state,  strikes  at  once  even  the  most  imeducated 
hunters  '*  (Erdmann,  vol.  ii.  p.  379). 

Herr  von  Rupredtit  i-eported  to  Brandt  that  at  the  mouth  of  the 
Indiger,  in  67°  39'  N.L.,  on  a  small  peninsula  called  Chemoinos,  where 
at  present  only  very  small  birch  bushes  grow,  ho  found  rotten  birch 
trunks  still  standing  upright,  of  the  thickness  of  a  man's  leg  and  the 
height  of  a  man.  In  going  up  the  river  he  met  witli  no  traces  of 
woods  until  he  reached  the  port  of  Indiga.  Here  he  noticed  the  first 
light  fir- wood  growing  among  still  standing  but  dead  bushes.  And 
higher  up  the  river  still,  the  woods  fairly  began. — Bull,  of  tho  Soc. 
of  Nat.  of  Moscow,  vol.  xl.  p.  25 4r. 

Trees  are  not  the  only  debris  of  the  life  contemiwrary  with  the 
Mammoth  which  could  not  migrate,  and  which  may  be  accepted  as  a 
kind  of  thermometer.  In  the  fresh -water  de[X)sits  in  which  the 
bones  are  found  there  are  also  fresh  water  and  land  shells  which  tell 
the  same  story. 

Schmidt  found  Helix  Schrencki  in  fresh- water  deposits  on  the 
Tundra  below  Diidimo  and  beyond  the  pi'esent  range  of  trees, 
Lopatin  found  recent  shells  of  it  with  well-preserved  colours, 
9°  further  south,  in  lat.  68^  and  G9^,  within  the  present  range  of  trees 
at  the  mouth  of  the  Awauka.  The  most  northern  limit  hitherto 
known  for  this  shell  was  in  lat  GO^  N.,  where  they  were  found  by 
Maak  in  gold  washings  on  the  Pit. 

In  the  fresh-water  clay  of  the  Tundra  by  Tolstoi  Noss,  Schmidt 
found  Planorhts  alhus,  Vahata  cristata,  and  Limucea  anriculariay  in 
a  sub-fossil  state ;  Cyclas  cahjculata  and  Vahata  ptsciualis  he  found 
thrown  up  on  the  banks  of  the  Yenissei,  and  on  a  rotten  drifted 
trunk,  A  mare  agrestis,  Anodonia  anahora  he  also  found  on  tho 
banks  of  the  Yenissei  as  far  as  Tolstoi  Noas,  but  no  further. 
Pisidium  fontinale  still  lives  in  the  jwols  on  the  Tundra,  as  does 
Succinea  putrisy  on  the  branches  of  the  Alnaster  on  tho  Breschof 
Islands  (Bull.  St.  Pet  Acad.  vol.  xiii.  p.  130). 

Again,  ho  says,  speaking  of  his  journey  from  Tolstoi  Noss  to 
Dudimo,  "  On  the  top  of  the  Tundra  is  often  found  Noah's  wood  and 
peat  moss  with  Planorhia^  Limncea,  cuid  a  large  species  of  Helix 
which  I  have  never  found  here  alive  "  {id,  8G). 
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The  evidence  then  of  the  debris  of  vegetation  and  of  the  fresh- 
water and  land  shells  found  with  the  Mammoths'  remains,  amply  con- 
firm the  d  priori  conclusion  that  the  climate  of  Northern  Siberia  was 
at  the  epoch  of  the  Mammoth  much  more  temperate  than  now.  It 
seems  that  the  botanical  facies  of  the  district  was  not  unlike  that  of 
Southern  Siberia,  that  the  larch,  the  willow,  and  the  alnaster  were 
probably  the  prevailing  trees,  that  the  limit  of  woods  extended  far  to 
the  north  of  its  present  range,  and  doubtless  as  far  as  the  Arctic  Sea ; 
that  not  only  the  mean  temperature  was  much  higher,  but  it  is  pro- 
bable that  the  winters  were  of  a  temperate  and  not  of  an  arctic  type, 
and  roughly  we  may  conjecture  that  Lithuania,  where  the  bison 
still  survives,  and  where  so  many  of  the  other  contemporaries  of  the 
Mammoth  still  live,  probably  presents  to  us  a  not  unfaithful  picture 
of  what  Northern  Siberia  must  have  been  like  from  the  Urals  to 
Behrings  Straits,  and  that  it  was  probably  in  such  a  condition  of 
things  as  prevails  in  Lithuania  that  the  Siberian  Mammoth  thrived 
the  best. 

We  have  seen  reason,  therefore,  to  conclude  that  the  Mammoth 
lived  in  all  parts  of  Siberia  where  his  remains  are  now  found,  and 
that  when  he  lived  there,  a  comparatively  mild  climate  prevailed  in 
Northern  Asia  to  the  very  borders  of  the  Arctic  Sea.  These  are  not 
the  only  nor  the  most  important  lessons  which  we  can  learn  from  the 
Mammoth  remains  of  Siberia.  Other  conclusions  of  a  more  revo- 
lutionary and  heterodox  character  seem  to  us  to  be  inevitable 
corollaries  from  the  facts.  Before  we  venture  to  propound  them, 
however,  we  must  shortly  examine  the  problem  in  other  areas  than 
Siberia,  where  Mammoth  remains  abound,  t.e.  in  Europe  and 
America,  and  to  this  we  hope  hereafter  to  devote  another  paper. 


ITOTIOES      OIF      3iJ:E]Sd:OH2»S- 

I. — Cenki  Sulla  Geologia  Dblla  Galita.  Prof.  A.  Issel.  Ann. 
del  Mus.  Civ.  di  St  Nat.  di  Geneva,  vol.  xv.,  1880,  with  coloured 
Map. 

PBOFESSOB  ISSEL,  who  made  one  of  the  party  in  a  cruise  from 
G^noa  to  the  north  coast  of  Africa,  in  the  cutter  "  Violante," 
3elonging  to  and  commanded  by  Capt.  Henry  Albertis,  has  already 
nrritten  an  account  of  the  voyage,  and  now  adds  a  sketch  of  the 
^logy  of  the  Gfdita  islands  north  of  Tunis. 

The  largest  island  Galita  is  two  miles  and  three-quarters  long  by 
me  mile  and  a  half  broad.  The  higher  parts  of  the  islands  are 
iomposed  of  granite,  while  a  large  portion  of  the  island  Galita  is 
iomposed  of  travertine  containing  the  remains  of  some  indetermin- 
ble  herbaceous  plants  and  Helix  vermiculata,  Miill.,  M,  aspera, 
If ulL,  H.  sttbmeridiancdiSf  B.,  J7i  amanda,  Boss,  H,  trochoides,  Boiret, 
T.  Kabilianaf  H,  Berlieri,  species  of  shells  which  Prof.  Issel  also 
iow  foand  living  on  the  islands.  This  formation  belongs  to  the 
Quaternary  period,  and  probably  after  the  Glacial  period,  and  he 
opposes  that  the  elevation  of  the  island  took  place  at  the  time  of 
he  great  elevation  which  raised  the  marine  bed  of  the  African  desert. 

9BGADB  nw^'VOL.  Vn.— XO.  ZU.  ^^ 
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In  some  parts  of  the  ooast,  and  especially  along  the  sonthem 
shores,  there  is  a  marine  Qaatemary  deposit  showing  a  recent  eleva- 
tion of  the  island. 

Bory  de  St-Vincent,  Henou,  and  Velain,  are  the  only  anthora 
who  have  previously  described  the  geology  of  these  islands,  and 
their  opinions  do  not  coincide.  Bory  de  St-Vinoent  spoke  of  the 
rocks  of  Galita  as  trachyte,  and  speaks  of  the  islands  being  raised 
by  volcanic  agencies.  Renon,  on  the  other  hand,  described  a  grey 
granite  as  existing  on  th^  island  Galita,  with  melaphyre  or  diorite 
at  the  extremities  of  the  island,  a  large  extension  of  black  unfossil- 
iferous  calcareous  rock  which  he  considered  of  Jurassic  age. '  Velain 
mentions  eruptive  rocks,  and  speaks  of  trachytes  having  much 
analogy  with  the  andesites  of  the  equator  and  the  blae  porphyries 
of  L'Esterol. 

Finding  this  difference  of  opinion  concerning  the  crystalline  rocks, 
Prof.  Issel  brought  back  a  large  series  of  specimens,  and  gave 
them  a  very  careful  macroscopical  and  microscopical  examination, 
and  also  submitted  some  of  them  to  Prof.  Grattarola,  who,  after 
similar  examination,  confirmed  Prof.  Issel's  opinion  that  it  was 
a  true  granite,  and  said  he  had  some  specimens  of  Elban  granite 
which  could  with  difficulty  be  distinguished  from  it. 

Prof.  Issel  considers  that  the  difference  of  opinion  arriyed  at  by 
experienced  geologists  is  because  the  granites  of  Galita  sometimes 
assume  the  aspect  of  certain  quartziferous  trachytes,  besides  perhaps 
there  is  not  an  essential  difference,  and  the  characters  by  which 
granites  are  distinguished  from  the  trachytes  depends  probably  on 
the  different  ago,  and  the  particular  condition  under  which  con- 
solidation has  taken  place. 

This  group  of  islands  is  really  a  prolongation  of  the  granitic 
mountains  of  Sardinia.  The  schists  which  had  been  described  as 
Jurassic  arc  thought  to  be  of  Silurian  age,  corresponding  to  some 
not  far  off  in  the  north  of  Africa.  A.  W.  W. 


II. — Journal  op  the  Royal  Microscopical  Society.  Vol.  III. 
Nos.  1 — 5.  February  to  October,  1880.  With  several  Plates. 
8vo.     (Williams  &  Norgate,  London  and  Edinburgh.) 

THIS  Journal  contains  also  the  Transactions  and  Proceedings  of 
the  Society,  and  a  record  of  current  researches  relating  to 
Invertebrata,  Ciyptogamia,  Microscopy,  etc.,  including  Embryology 
and  Histology  generally,  and  is  edited,  under  the  direction  of  the 
Publication  Committee,  by  Frank  Crisp,  LL.B.,  B.A.,  F.L.S.,  one 
of  the  Secretaries  of  the  Society,  assisted  by  Messrs.  A.  W.  Bennett, 
Prof.  F.  Jeffrey  Bell,  and  S.  O.  Ridley,  Fellows  of  the  Society. 

A  special  feature  of  the  Journal  is  the  Classified  Record,  which  it 
contains,  of  the  work  of  British  and  Foreign  observers  relating  to 
the  Invertebrata,  Cryptogamia,  etc.,  as  appearing  in  more  than  300 
of  the  principal  Journals  and  Transactions  of  this  and  other 
countries  ;  notes  and  abstracts  being  furnished  of  the  memoirs  and 
papers,  and  arranged  systematically. 
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The  bibliography,  or  list  of  titles,  is  also  classified  as  follows : 

Zoology. 

A.  General  (inoluding  Embryology  and  Histology  of  the 
Vertebrata). 

B.  Inyebtebrata.  —  Mollusca.  Molluscoida.  ArtUropoda: 
(a)  Insecta.  (/3)  Myriapoda.  (7)  Araohnida.  (5)  Crustacea. 
Vermes.    Echinodermata.   Coelenterata.   Porifera.    Protoioa. 

Botany. 

A.  General  (inoluding  Embryology  and  Histology  of  the 
Phanerogamia) . 

B.  Oryptooamia.  —  Oryptogamia  Vasoularia.  Muscineae. 
CharaoesQ.     Fungi.     Liohenes.     Alg». 

MiOBOSOOPY,  eto. — ^Methods.     Instrumental,  etc. 

The  only  exception  to  the  completeness  of  the  Bibliography 
(within  the  prescribed  limits  of  the  In  vertebrata,  Crypt  ogamia,  etc) 
is  in  regard  to  (1)  the  Insecta,  only  such  articles  being  noted  as  are 
of  general  interest,  lists  and  descriptions  of  new  species*  local  faunie, 
etc.,  being  omitted ;  and  (2)  Palsaontology,  which  is  dealt  with  so 
far  only  as  bearing  on  living  forms  or  structural  features  ;  and,  for 
the  present,  only  a  few  of  the  principal  Geological  Journals,  etc.,  are 
included. 

Even  within  these  limits  many  points  of  interest  are  brought 
within  the  notice  of  the  English  student  and  geologist,  either 
of  actual  importance  or  suggestive  of  further  Inquiry.  The  biolo- 
gical notices  are  frequently  of  direct  interest  to  the  student  of  fossils, 
and  of  the  life  of  ^a  species. 

In  illustration  of  the  geological  contents  of  the  biological  record 
in  this  valuable  bi-monthly  Journal  of  the  Royal  Microscopical 
Society,  we  quote  the  following : — 

"ilipidttra.* — Dr.  Hans  Pohlig  gives  a  fresh  definition  of  this 
interesting  Triassic  Ophiurid,  from  the  Muschelkalk  of  Gt3rmany, 
which  he  divides  into  two  subgenera,  Amphiglypha  and  Hemiglypha^ 
of  which  the  former  is  broader  and  has  shorter  arm-spines  than  the 
latter ;  in  each  case  a  single  species  is  alone  known.  Ho  regards 
this  form,  which  is  the  only  Ophiurid  as  yet  found  in  this  stratum, 
as  representing  an  extinct  genus,  which  is  distinguished  from  all  its 
allies  by  the  possession  of  larger,  closely  connected,  radial  shields, 
and  by  the  bUateral  groove  on  its  oral  shields ;  belonging  to  the 
OphiolepidsQ,  it  is  intermediate  in  character  between  Ophioglypha 
and  Ophiopus.  Hemiglypha  has  many  points  of  resemblance  to  the 
Asterida,  and  appears  to  occupy  a  similar  position  among  the 
Ophiurida  to  that  held  by  Briainga  among  the  Asterida. 

**  It  may  be  interesting  to  observe  that  Pohlig  agrees  with  Haeckel 
in  regarding  the  Asterida  as  the  older  forms.** 

1  Zeitachr.  wisB.  Zool.  vol.  zzxi.  (1878)  p.  236. 
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in. — I  DiASPRt  BELLA  TosoANA  B  I  LORO  FossiLi.  Per  Prof.  Dantk 
Pantanelli.  Mem.  della  Beale  Aocad.  dei  LinoeL  Ser.  3,  vol 
viii.    June,  1880. 

PHOF.  DANTE  PANTANELLI  has  presented  a  valuable  memoir 
on  the  Jaspers  of  Tuscany,  in  which  he  has  found,  as  mentioned 
in  his  preliminary  announcement,  a  large  number  of  Bctdiolari^L^ 

In  the  definition  now  given  of  the  rock,  it  is  said  to  be  oonstitated 
of  amorphous  silica,  together  with  crystallized  silica,  stained  with 
metallic  and  earthy  oxides,  often  distinctly  crystallized  in  the  mass 
of  the  silica.  It  contains  the  remains  of  organisms  with  siliceous 
skeletons,  and  occurs  in  clefts  and  in  raised  and  stratified  masses. 

This  ''diaspro"  is  abundant  in  various  horizons  of  the  Upper 
Eocene  of  Tuscany,  and  is  found  in  stratified  layers  which  rarely 
exceed  five  centimetres  between  the  hard  masses  of  olay  called 
galestro,  and  sometimes  between  incoherent  material  or  strata  of 
siliceo-calcareous  rocks. 

Professor  Pantanelli  describes  thirty-two  species  of  Badiolaria 
from  the  *'  diaspro,"  and  says  they  are  larger  than  their  living  allies, 
and  after  a  criticism  of  the  results  of  the  ChaUetiger  and  other  expe- 
ditions, concludes  that  these  deposits  have  been  formed  in  not  less 
than  one  thousand  metres,  for  the  number  of  Badiolaria  is  known  to 
increase  with  the  depth,  while  the  number  of  Foraminifera  on  the 
other  hand  diminishes. 

Geologists  have  maintained  that  the  origin  of  diaspro  was  meta- 
morphic,  or  at  least  the  result  of  silicification  posterior  to  deposition, 
until  De  Stefani  a  few  years  ago  doubted  the  correctness  of  this  idea, 
and  it  is  now  shown  that  the  rock  in  question  cannot  be  formed  by 
metamorphism  caused  by  the  vicinity  of  igneous  rocks  for  several 
reasons ;  among  others,  it  could  not  attain  such  great  thickness,  nor 
as  now  shown  contain  fossils ;  nor  is  it  only  found  in  the  Eocene, 
where  metamorphic  action  might  be  attributed  to  the  serpentine, 
but  also  in  the  Chalk  and  Lias,  where  no  eruptive  rocks  are  known ; 
and  further,  in  the  Eocene  the  **  diaspro  "  is  often  very  far  from  any 
igneous  rocks.  Calcareous  or  sandy  strata  are  sometimes  intercalated 
in  the  galestro,  and  in  the  same  way  the  serpentines  are  sometimes 
separated  from  the  galestro  by  unaltered  calcareous  strata. 

Professor  Pantanelli  considers  that  this  compact  rock  is  formed  in 
much  the  same  way  as  calcareous  ones  by  analogous  phenomena,  the 
incoherent  material  in  this  case  being  agglutinated  by  the  silica  in 
solution  in  the  acid  water,  so  that  the  cracks,  instead  of  being  filled 
with  calcite,  as  in  the  latter  case,  are  full  of  quartz. 

Stoppani,  De  Stefani,  Bonney,  Issel,  have  recently  maintained  that 
the  serpentines  represented  true  submarine  lavas  of  the  Upper  Eocene, 
and  this  receives  additional  support,  or  rather  proof,  from  the  present 
discovery,  and  at  the  same  time  the  presence  of  these  fossils  excludes 
the  idea  of  the  galestro  and  other  of  the  series  having  a  metamorphic 
origin.  A.  W.  W. 

*  See  preliminary  notice,  Oeol.  Mao.  1880,  July  No.  p.  317. 
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IV. — I  Terreni  Sabbiosi  e  la  Fillosera.     Boll,   del  K.  Comit. 
Qeol.  dltalia.     July,  August,  1880. 

11HE  Italian  Minister  of  Agriculture  communicated  to  the  engineer 
of  the  mines  at  Caltanisetta  in  Sicily  the  observations  of  the 
French  Society  of  Agriculture,  relating  to  the  soils  in  which  the 
Phylloxera  was  most  abundant.  It  appears  that  they  noticed  that 
the  vines  in  argillaceous  and  compact  soils  fell  a  victim  to  the 
Phylloxera,  whilst  in  sandy  soils  they  were  unaffected.  The  most 
favourable  being  soils  with  a  large  proportion  of  siliceous,  and  not 
above  12  per  cent,  of  calcareous  sand.  It  was  found  that,  where  the 
roots  of  vines  passed  through  two  strata,  one  sandy  and  the  other 
argillaceous,  the  part  of  the  root  which  traversed  the  argillaceous 
soil  was  covered  with  Phylloxera,  whilst  the  rest  passing  through 
the  sand  was  healthy,  and  not  at  all  attacked  by  the  insects. 

In  reply  to  this,  Sig.  P.  Posi  sends  a  very  interesting  report  on 
the  geology  and  culture  of  the  vine  in  Sicily.  Most  are  grown  on 
volcanic  soils,  but  all  volcanic  rocks  are  not  suited  for  vine  culture, 
as  when  it  is  vitreous  nothing  will  grow,  whereas  felspathic  lavas, 
rich  in  potash  and  easily  subject  to  atmospheric  decomposition,  are 
eminently  fitted  for  growing  vines ;  but  the  most  productive  of  all 
are  the  extensive  deposits  of  fine  ashes.  Sig.  Posi  says  that  the  rain 
of  ashes  during  the  last  eruption  added  so  much  to  the  fertility  of  the 
soil  that  it  much  more  than  compensated  for  any  damage  done  by 
the  eruption  to  the  forests  and  other  cultivated  land.  He  points  out 
that  the  physical  nature  of  these  ashes  approaches  so  much  to  that 
of  loose  sand  that  it  may  veiy  possibly  resist  the  invasion  of  the 
phylloxera,  and  thinks  it  worthy  of  further  experiment,  seeing  that 
while  it  contains  the  necessary  elements  for  the  growth  of  the  vine, 
there  is  no  argillaceous  material  to  favour  the  growth  of  the  phyl- 
loxera. After  the  volcanic  earths,  most  of  the  vine  culture  is  in  the 
Pliocene  and  Miocene  sands,  with  but  little  in  the  marly  districts. 

=- A.  W.  W. 

I. — Annales  de  la  SogiI:t^  Malacologique  de  Belgique.     Tome 
XIL     2»*°»«  Ser.  tome  ii.     (Brussels,  1877.) 

THE  Annals  of  the  Belgian  Malacological  Society  for  the  year 
1877,  just  issued,  contains,  in  addition  to  geological  and  malo- 
cological  papers  and  the  bulletins  of  the  Society,  an  exhaustive  list  of 
eight  8vo.  pages  of  titles  of  memoirs  relating  to  living  and  fossil 
Brachiopoda.  This  useful  and  very  complete  bibliography  was  com- 
piled with  considerable  labour  and  research  by  Mr.  Thomas  Davidson, 
F.R.S.,  the  chief  historian  of  the  group,  who,  it  is  evident  therefrom, 
has  himself  contributed  since  1847  over  fifty  memoirs  to  the  literature 
of  the  class.  The  list  contains  more  than  1,200  alphabetical  entries, 
from  the  earliest  publications  of  the  seventeenth  and  eighteenth 
centuries  of  Colonna  (in  1606),  Pallas,  Rumphius,  and  Cuvier,  up  to 
the  more  recent  works  of  Owen,  Hancock,  Huxley,  King,  Morse, 
Kovalevsky,  etc.,  until  the  month  of  April,  1876.  It  was  intended 
as  an  appendix  to  the  French  translation  of  the  author's  memoir, 
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«*  What  is  a  Braobiopod  ?  **  published  in  the  Annals  of  the  same 
Society  for  1875.  The  list  includes  the  titles,  locations,  and  date  of 
issue  of  papers  relating  in  any  way  to  the  anatomy,  classification, 
embryological  and  palseontological  history,  geographical  and  geo- 
logical  distribution  of  the  Brachiopoda,  and  therefore  cannot  &il  to 
be  of  great  use  to  future  students  of  this  extensive  group  of  organ- 
isms. It  will,  we  understand,  be  eventually  reproduced  in  the  volume 
of  the  PalsBontographical  Society  for  1882,  on  the  conclusion  of  Mr. 
Davidson's  series  of  valuable  supplementary  memoirs  on  the  British 
Fossil  Brachiopoda.  Any  corrections  of  the  present  issue,  or  sug- 
gested additions  thereto,  will  be  welcomed  by  the  author,  for  the 
purpose  of  rendering  the  bibliographical  history  of  the  group  fully 
accurate  and  complete.  A.  0. 

II. — Geological  SuKvmr  of  Victoria.  Pbodromus  op  thb 
Paleontology  op  Victoria.  Decade  VI.  By  Fred.  McCoy, 
(Melbourne,  1879 ;  London,  Triibner  <fe  Co.) 

THIS  Decade,  like  the  previous  ones,  contains  figures  and  descrip- 
tions of  some  of  the  more  important  Victorian  Organic  Remains. 
The  illustrations  are  equally  divided  between  vertebrate  and  inver- 
tebrate fossils.  The  description  of  the  extinct  gigantic  Kangaroo, 
Macropus  Tttan,  Owen,  so  common  in  the  Pliocene  deposits,  is  fol- 
lowed by  that  of  the  curious  extinct  Marsupial  genns,  Procoptodoriy 
which  differs  from  the  true  Kangaroos  in  the  character  of  its  teeth, 
and  shows  a  relation  to  the  extinct  Dtproiodon  of  the  same  Pliocene 
deposits.  Three  species  of  CetotoUtea  are  noticed  from  the  Miocene 
near  Geelong,  shov^-ing  the  extraordinarj'  repetition  in  Australia  of 
the  curious  occurrence  in  the  Crag  of  Suffolk  of  similar  ear-bones  of 
whales.  The  teeth  of  a  gigantic  fossil  species  of  Spermaceti  Whale, 
Physetodon  Baihyi,  McCoy,  from  the  older  Pliocene,  and  a  tooth  of 
Squalodon,  are  figured  on  the  fifth  plate.  Descriptions  and  figures 
are  given  of  some  fossil  mollusca  (Orthoceras),  characteristic  of  the 
Upper  Silurian,  and  of  a  new  species  of  Ulnnttes  from  the  Miocene. 
The  last  two  plates  represent  some  interesting  species  of  sea-urchins 
belonging  to  the  genera  Zoreni'a,  Monostychia,  and  Clypeaster,  which 
are  widely  distributed  in  the  Tertiary  strata  (Miocene  and  Pliocene) 
of  the  Colony.  J.  M. 

ni. — Practical  Blowpipe  Assaying.  By  George  Attwood,  F.G.S., 
Assoc.  Inst.  C.E.,  etc.     (London:    Sampson  Low  &  Co..  I860.) 

Blowpipe  Analysis.  By  J.  Landauer.  Authorized  English  Edition 
by  J.  Taylor  and  W.  E.  Kay.  (London :  Macmillan  <fe  Co., 
1879.) 

AS  an  instrument  of  chemical  and  minoralogical  research,  the 
Blowpipe  is  probably  not  so  highly  estimated  as  it  ought  to 
be  in  this  country,  not  that  manuals  descriptive  of  its  applications 
and  methods  of  use  are  wanting.  The  English  pyrologist  is  fairly 
supplied  with  them,  either  as  original  treatises,  or  translations  with 
or  without  modifications  of  the  best  Continental  works,  from  the 
hnnsiation  of  Berzelius  in  1822  to  the  present  time.  Of  the  recent 
"outributions   to  Blowpipe  IW^xaVuT^,  \>^«v^^%  \5aft  «av«ller  work  of 
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Major  B068  on  Pyrology  (1880),  are  the  two  meationed  at  the  head 
of  this  notioe. 

The  "  Blowpipe  ADalysis "  of  Landauer  b  treated  entirely  from 
a  chemical  point  of  view,  in  oontradistinction  to  most  works  on  the 
fame  subject,  which  give  in  gp'eat  details  the  mineralogical  rather 
than  the  chemical  aspect.  The  first  and  second  chapters  are  devoted 
to  the  varions  apparatus  and  re-agents  used  in  Blowpipe  analysis. 
The  third  chapter  contains  the  special  examination  of  certain  elements 
in  combination;  and  the  fourth  chapter  comprises  the  systematic 
examination  of  compound  substances,  divided  into  preliminary  and 
ocHnplete  examination, — a  division  perhaps  unnecessary — together 
with  Egleston*8  method  of  examination  of  compound  minerals,  fol- 
lowed by  a  condensed  view  of  Blowpipe  re-actions,  and  a  repro- 
duction of  Plattner's  <<  Tabular  View  "  of  the  behaviour  of  minerals 
before  the  blowpipe. 

A  plate  of  the  spectra  of  the  metals  of  the  alkalies  and  alkaline 
earths,  and  an  extended  description  of  Bunsen's  flame  re-actions, 
accompany  this  useful  Blowpipe  manual. 

Mr.  Attwood's  book  is  somewhat  different,  both  as  to  arrange- 
ment and  contents,  from  many  of  the  ordinary  treatises  on  the 
blowpipe,  being  intended  as  a  guide  to  Blowpipe  Assaying.  A  brief 
introduction,  containing  tables  of  the  elements  according  to  their 
commercial  and  non-commercial  value,  is  followed  by  a  descrip- 
tion of  the  mouth  blowpipe,  re-agents,  and  necessary  apparatus, 
among  which  we  notice  two  portable  forms  of  assay  balances  sug- 
gested by  the  author.  The  second  part  contains  the  qualitative 
determination  of  the  principal  alkalies,  earths,  and  metals,  the 
rarer  substances  being  placed  together  at  the  end.  The  third  part 
is  devoted  to  the  assay  of  the  ten  chief  metals  of  commercial  import- 
ance, Silver,  Gold,  Mercury,  Copper,  Lead,  Bismuth,  Tin,  Iron, 
Nickel,  and  Cobalt,  concluding  with  the  assay  of  Coal.  In  the  last  part 
will  be  found  a  series  of  elaborate  tables,  with  explanations  of  their 
use,  of  American  and  English  values  of  Gold  according  to  its  fineness. 

This  work,  while  it  may  be  usefully  consulted  by  the  orcHnary 
blowpipe  analyst,  is  more  especially  intended  for  the  mining  pro- 
spector and  blowpipe  assayer ;  the  author's  long  experience  in  mining 
researches  having  taught  him  the  value  of  the  blowpipe  in  the  field 
where  no  other  method  of  assaying  is  so  readily  available.      J.  M. 

rV. — Nbtjks  Jahbbuoh  fUr  Minbralogir,  Geologie  und  Palaeonto- 
LOGiE.  Commenced  by  K.  C.  von  Leonhard  and  H.  G.  Bronn  ; 
continued  by  G.  Leonhard  and  H.  B.  Geinitz,  etc.  Nos.  1-9,  for 
1878,  with  Woodcuts  and  16  Plates.  Nos.  1  and  2,  for  1879, 
with  Woodcuts  and  4  Plates.     8vo.     (E.  Koch,  Stuttgart.) 

Nktjbs  Jahrbuoh,  etc  Edited  by  E.  W.  Beneoke,  C.  Klein,  and 
BL  RosENBUSCH,  with  the  co-operation  of  several  professional 
colleagues.  Nos.  4-9,  for  1879,  with  6  Plates  and  several  Wood- 
cuts. 8vo.  (E.  Koch,  Stuttgart.) 
WE  have  here  before  us  the  highly  useful  German  periodical,  the 
progress  and  value  of  which  we  have  so  often  noticed,  full  of 
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excellent  papers  on  Geology  in  its  various  branches,  but  more  par- 
ticularly as  to  Petrology,  Mineralogy,  and  Crystallography,  though 
Geology  proper  is  not  wanting,  and  Palaeontology  is  not  without 
good  representative  memoirs.  Unfortunately,  it  seems  that  scientific 
periodicals  do  not  pay  well  anywhere ;  and  our  German  brethren 
are  advised  by  their  publishers  to  enliven  their  magazines,  if  possible, 
and  at  the  same  time  try  to  bring  them  out  with  the  least  possible 
expense,  so  that  the  publishers  shall  not  regret  having  to  do  with 
science.  After  many  years  of  hard  struggling  against  the  impecuni- 
osity  of  working  savants,  against  the  hard  times  of  civil  commotion, 
and  against  the  competition  of  more  or  less  scientific  rival  publica- 
tions, the  "  Neues  Jahrbuch  "  (which  commenoed  as  the  "  Jahrbuch," 
etc.,  in  1830,  and  re-started  as  "  New  "  in  1833,  living  on  with  the 
lives  of  two  eminent  editors,  and  then  surviving  for  some  years 
under  two  others,  and  until  1879  under  one  of  these)  has  been  led 
to  another  phase  by  its  publisher  and  a  new  company  of  editors. 
"  In  the  midst  of  counsellors  there  is  safety ; "  and  three  editors, 
with  a  committee  of  several  others,  equally  energetic  and  well 
prepared,  hope  well  of  the  future.  The  new  staff  of  professional 
geologists  and  mineralogists  can,  doubtless,  supply  enough  material 
for  the  **  Jahrbuch  "  ;  but  the  publisher  has  economised  his  expenses 
over  the  periodical  by  less  frequent  issues  during  1879,  and  proposes 
to  send  out  only  two  parts  or  volumes  for  the  **  Neues  Jahrbuch  "  of 
1880,  each  consisting  of  three  numbers  of  fifteen  sheets  each.  The 
price  will  be  20  marks  a  volume.  Whatever  the  form  or  the  price, 
we  trust  that  geolopjists  at  large  will  not  be  losers.  Publishers  have 
their  own  A-iews  of  the  value  and  the  profits  of  books  ;  and  we 
sincerely  trust  that  the  ''Neues  Jahrbuch"  will  be  profitable  to  its 
proprietor  in  its  new  form,  for  it  has  always  been,  and  we  trust  will 
be  in  the  future,  of  very  great  value  to  geologists.  The  volume  for 
1878,  under  our  old  friend  Prof.  Dr.  H.  B.  Geinitz's  care,  besides  a 
great  collection  of  letters,  notices,  and  abstracts,  as  heretofore,  con- 
tains the  following  original  papers  : — 

n.  ilofer,  on  the  Giant's  Chaldrons  near  POrt^^chach,  in  Carinthia  ;  F.  Sandberger, 
on  Basalt  and  Diorite,  near  Schwarzenfels  in  Hesse:  A.  Baltzer,  on  the  Geology 
of  the  Swiss  Alps  (contact-phenomena  at  the  north  boundary  of  the  Finstaarhoni 
central  mass,  two  papers)  ;  Th.  Wolf,  Cotopaid,  and  its  Eruption  of  26th  June,  1877  ; 
Friediit'h  Scharfe,  Topaz  and  Quartz  ;  K.  Dalmer,  the  Felspar- Pseudomorphs  of  the 
"NVilhclmsleito,  near  Ilmenau  ;  A.  Wichmann,  on  the  Sericite  Rocks  of  the  Taunus; 
E.  Kalkowsky,  (m  the  Gmnite-porphyr)'  of  Beucha,  near  I^ipsic  ;  A.  Keungott^  on 
the  Fundamental  Condititms  of  tne  Cr)'s'tal  Species ;  A.  Knop,  on  the  Hvdrooraphical 
Relations  between  the  Danube  and  the  Aix  Sprin^rs  on  the  Baden  Higfilands ;  J.  J. 
Pohl,  on  a  Simple  and  Sure  ^Method  to  distinguish  true  Turquoise  from  its  imitjitions ; 
II.  Trautschold,  on  Methods  and  Theories  in  Geology'  ;  II.  Goeppert,  on  the  Quanti- 
tative Proportion  of  Amber;  Karl  Zittel,  im  the  classification  of  Fossil  Sponges; 
A.  von  Lasaulx,  Mineralogical  Work  in  the  University  of  Breslau ;  B.  Lundgren, 
on  Angeliu's  Geological  Sketch-map  of  Sweden  ;  A.  Stfeng,  on  the  Silver-pyrites  of 
Andreasl)erg,  and  on  the  Ores  of  Cnariiacillo  in  North  Ch3e ;  11.  Conwentz,  on  the 
Tertiary  Occurrence  of  Cvpress-like  wood  near  Calistoga  in  California ;  F.  Griiger, 
on  the  Pht>nomena  of  Earthquakes  and  Volcanic  Eruptions ;  Ad.  Schmidt,  the 
Quartz -diorite  of  Yostanite,  and  a  variety  of  Ilomstone. 

The  first  and  second  Nos.  for  1879  (under  the  old  management) 
contain  : — 
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E.  A.  Zitters  third  paper  on  Fossil  Sponges ;  Richard  von  Drasche's  two  Geologi« 
cal  Journeys  through  the  Island  of  Niphon,  Japan ;  H.  B.  Geinitz,  on  two  new 
Cretaoeous  Plants ;  E.  Dunker,  the  Temperature  in  Bore-hole  No.  1  at  Sperenberg ; 
and  A.  Hilger's  Notes  on  the  Chemical  Laboratory  of  the  UniTersity  of  Erlangen, 
as  original  papers,  besides  the  usual  complement  of  letters  and  bibliographical  lists 
of  abstracts. 

The  third  and  fourth  Nos.  for  1879  (in  one),  with  the  new  editors, 
contain — 

Yal.  Yon  Holler,  on  the  Bathrological  Place  of  the  younger  Palaeozoic  SyAstem  of 
Djoulfa  in  Armenia ;  Hans  H.  Reusch  on  the  Workmg  of  me  Sea  on  the  west  coast 
of  Norway  (translated  by  R.  Baldauf ) ;  W.  C.  Williamson  and  E.  Weiss,  on 
Sphenophyllum,  Asterophyllites,  and  Calamites,  their  relation  one  to  another ;  R. 
▼on  Drasche,  on  Palaeozoic  Beds  in  Eamtschatka  and  Luzon ;  K.  von  Seebach, 
Foyaite  and  the  Sierra  de  Monchique ;  F.  Elocke,  on  the  Opticd  Structure  of  Ice  ; 
Otto  Luedecke,  on  Reinite,  a  new  wolfram-iron  mineral,  from  Japan  ;  F.  M.  Stapff, 
the  Mechanics  of  Faults ;  J.  Hirschwald,  the  Microscopic  Goniometer  for  measurmg 
crystals  with  dull  facets ;  A.  Ton  Eoenen,  the  Culm  Fauna  of  Herbom. 

The  fifth,  sixth,  and  seven  Nos.  (in  one)  have : — 

L.  von  Werveke,  on  Limburgite ;  A.  Ton  Lasaulz,  the  Sulphur  Districts  of  Sicily  ; 
C.  Klein,  Mineralogical  Notes ;  J.  Hirschwald,  measurings  by  the  Microgoniomet^ ; 
A.  Strong,  Fireblende  and  Rittingerite. 

Nos.  8  and  9  (in  one)  contain  of  original  papers  the  following  :— 

A.  Losch,  on  Lime-iron-gamet  (Demantoid),  from  Lyssertsk  in  the  Ural ;  F.  M. 
Stapff,  on  Faults  (continued) ;  L.  van  Werveke,  on  the  rocks  of  the  Island  Palma ; 
F.  Wdhler,  on  the  native  Iron  of  Greenland;  S.  M.  Badcock,  on  the  Celestine 
from  the  Muschelkalk  of  Jiihnde,  near  GOttingen ;  and  E.  Cohen,  on  the  Eclogite 
from  the  Diamond  Mines  of  Jagersfontein,  Orange  Freestate,  South  AMca  ;  Obituary 
of  Bernard  von  Cotta,  by  A.  St. 

Letters  addressed  to  the  various  editors  on  the  suhjects  of  their 
special  departments,  and  as  usual  often  rich  with  interesting  and 
suggestive  facts  and  notions,  together  with  extracts  and  ahstracts  of 
papers  on  mineralogy,  geology,  and  palasontology,  with  lists  of  new 
books  and  periodicals,  complete  the  parts,  as  heretofore,  but  with 
rather  different  arrangement.  T.  E.  J. 


Geologioal  Society  of  London. 

November  3,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  President  announced  that  the  original  portrait  of  Dr.  William 
Smith,  painted  by  M.  Fourau  in  the  year  1838,  had  been  presented 
to  the  Society  by  William  Smith,  Esq.,  of  Cheltenham. 

The  following  communications  were  read  : — 

1.  "  On  the  Serpentine  and  Associated  Rocks  of  Anglesey,  with  a 
Note  on  the  so-called  Serpentine  of  Porthdinlleyn  (Caernarvonshire)." 
By  Prof.  T.  G.  Bonney,  M.A.,  F.RS.,  Sec.  G.S. 

Several  patches  of  serpentine  «re  indicated  on  the  Geologioal 
Survey  map  on  the  western  side  of  Anglesey,  near  Tre  Valley  station, 
and  a  considerable  one  on  Holyhead  island  near  Rhoscolyn.  These 
really  include  three  very  distinct  varieties  of  rocks:  (1)  compact 
green  schistose  rocks,  (2)  gabbro,  (3)  true  serpentine.    The  author 
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described  the  mode  of  ooourrenoe  of  each  of  these,  and  their  relations, 
the  serpentine  being  almost  certainly  intrusive  in  the  schist,  and  the 
gabbro  in  the  serpentine.  The  microscopic  structure  of  the  various 
rocks  was  described  in  detail,  especially  of  the  last.  It  presents  the 
usual  characteristics,  and  is  an  altered  olivine  rock  which  has  con- 
tained bi-onzite.  One  or  two  varieties  are  rather  peculiar;  an 
ophicalcite  and  a  compact  chloritic  schist  containing  chromite  are  also 
noticed.  At  Porthdinlleyn  there  is  no  serpentine,  but  a  remarkably 
interesting  series  of  agglomerates  and  (probably)  lava-flows  of  a 
basic  nature,  which  may  now  be  denominated  diabases. 

2.  ''Note  on  the  Ooourrenoe  of  Remains  of  Recent  Plants  in 
Brown  Iron-ore."     By  J.  Arthur  Phillips,  Esq.,  F.Q.S. 

The  fossilizing  ironstone  described  by  the  author  occurs  at  Rio 
Tinto,  in  the  province  of  Huelva,  Spain,  in  close  proximity  to  the 
celebrated  copper-mines  of  that  name,  where  it  forms  a  thick  hori- 
zontal capping  of  a  hill  known  as  the  M^sa  de  los  Pinos.  In  this 
iron-ore  Mr.  Carruthers  has  identified  the  following  vegetable 
remains : — Leaves  and  acorns  of  Quercm  ilex,  Linn. ;  leaves  and 
seeds  of  a  two-leaved  species  of  Pinus,  most  probably  Pinus  ptnea, 
Linn. ;  the  cone  of  Equisetum  arvense,  Linn. ;  and  a  small  branch  of 
a  species  of  Erica,  There  is  also  a  well-marked  leaf  of  a  Dico- 
tyledonous plant  not  yet  identified.  A  great  portion  of  many  of  the 
specimens  consists  of  a  thick  growth  of  moss  ;  but  it  is  impossible 
to  say  what  the  species  are.  The  whole  is  permeated  with  minute 
branching  roots,  showing  that  tlie  vegetation  was  formed  as  a  great 
mass,  the  oak-  and  pine-leaves  having  been  probably  carried  or 
blown  into  it.  The  plants  are  evidently  all  of  the  same  species  as 
are  still  growing  in  Spain. 

The  author  attributes  this  deposit  of  ironstone  to  the  decomposi- 
tion, partly  by  organic  agency,  of  ferruginous  salts,  derived  from  the 
oxidation  of  iron  pyrites,  which  flowed  into  a  marsh  or  shallow 
lagoon.  Subsequently  to  this  the  valleys  of  the  Rio  Agrio  and  Rio 
Tinto  were  eroded,  leaving  the  Mesa  de  los  Pinos  with  its  thick 
capping  of  iron-ore. 

The  very  recent  character  of  this  deposit  is  evident  from  the 
fossils  it  contains ;  but  the  erosion  of  the  valleys  certainly  took 
place  before  the  Roman  occupation  of  the  district.  This  is  satis- 
factorily shown  not  only  by  the  position  of  various  remains  of  that 
date,  but  also  by  the  fact  that  the  Roman  grave-stones,  which  are 
still  remaining  in  the  locality,  are  made  of  this  ironstone. 

3.  **  Notes  on  the  Locality  of  some  Fossils  found  in  the  Carboni- 
ferous rocks  at  T'ang  Shan,  situated,  in  a  N.N.E.  direction,  about 
120  miles  from  Tientsin,  in  the  province  of  Chih  Li,  China."  By 
James  W.  Carrall,  Esq.,  F.G.S.  With  a  Note  by  Wm.  Carruthers, 
Esq.,  F.R.S.,  F.G.S. 

The  author  described  the  locality  from  which  he  obtained  some 
plant  remains  of  apparently  Carboniferous  age,  and  stated  that 
mining-operations  had  been  cairied  on  by  a  Chinese  company  in  the 
district  since  the  year  1878.  Several  seams  of  coal  occur,  varying 
in  thickness  from  1 1  inches  to  6  feet.     Mr.  Carruthers  stated  in  a 
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note  that  the  speoimens  submitted  to  him  belong  to  a  species  of 
Anntdaria,  probably  A.  longifolia,  Brough,  abundcmt  in  the  British 
Coal-measures,  and  found  both  on  the  Continent  and  in  North 
America. 

Gbolooists'  Association. 
ri^HE  first  ordinary  meeting  of  the  session  was  held  on  Friday  evening, 
L  5th  November,  when  the  usual  anniversary  address  was  read.  The 
President  (Professor  T.  Rupert  Jones,  F.R.S.)  took  for  his  subject 
"  The  Origin  and  Progress  of  the  Geologists*  Association."  A  pro- 
posal for  the  formation  of  an  Association  of  Amateur  Geologists  was 
started  in  the  <' Geologist "  of  August,  1858;  and,  although  the 
writer  of  the  first  letter  never  came  forward,  yet  the  subject  w«is 
taken  up  by  others,  notably  by  Mr.  G.  S.  Penson,  in  the  October 
number  of  the  "  Geologist,"  p.  449,  and  by  Mr.  J.  E.  Wakefield  and 
the  late  Mr.  E.  Cresy  (of  the  Metropolitan  Board  of  Works),  among 
their  friends  and  others  interested  in  the  scheme  of  studying 
geology  by  mutual  help  and  on  an  economical  plan.  Mr.  George 
Potter,  Mr.  J.  Toulmin  Smith,  Mr.  J.  Slade,  Mr.  J.  E.  Saunders,  the 
Rev.  T.  Wiltshire,  and  Mr.  F.  J.  Fumivall,  were  especially  enthusi- 
astic in  the  project,  and  among  the  early  founders  of  the  Society. 
After  some  preliminary  meetings  at  Highgate,  at  2,  Upper  Wellington 
Street,  and  at  45,  Great  Ormond  Street,  and  the  issue  of  a  pro- 
spectus, the  first  ordinary,  meeting  of  the  Association  was  held  at 
St.  Martin's  Hall  on  Jan.  11,  1859.  Mr.  Toulmin  Smith,  the  first 
President,  resigning  in  February,  was  succeeded  by  the  Rev.  T.  Wilt- 
shire, who,  with  Mr.  J.  E.  Wakefield  as  honorary  secretary,  and  with 
1G4  members  in  the  first  year,  most  successfully  earned  on  the  young 
society  with  the  aims  of  its  founders.  The  object  in  view  was  to 
facilitate  the  study  of  geology  and  its  allied  sciences  among  asso- 
ciated amateurs,  by  the  reading  of  papers,  the  delivery  of  lectures, 
the  formation  of  a  library  and  a  cabinet  of  typical  fossils,  the  prac-* 
tice  of  field-lectures  or  excursions,  and  the  publishing  of  proceedings. 
On  each  of  these  branches  Professors  Rupert  Jones  made  some 
observations,  as  to  the  cultivation  they  had  received,  and  the  fruit 
they  had  borne.  He  noticed  also  some  subsidiary  points  of  interest 
in  the  constitution  and  administration  of  the  Society.  The  peiiodical 
meetings  for  the  reading  and  discussion  of  papers,  for  the  interchange 
of  thought  and  information  by  word-of- mouth,  and  for  the  exchange 
of  specimens,  were  important  in  the  existence  and  well-being  of  the 
Association ;  and,  except  as  regards  the  exchange  of  specimens,  they 
had  been  well  attended  to.  The  character  of  the  papers,  not  always 
devoted  to  new  matter,  but  often  resumes  and  explanations  of  known 
facts  and  observations,  was  dealt  upon ;  and  good  results  had  been 
and  were  to  be  obtained  among  amateur  geologists  and  students  by 
the  reading  and  publication  of  such  papers.  The  failure  of  the 
**  exchange,"  and  the  disappearance  of  the  collection  of  fossils,  were 
treated  of,  and  the  former  in  a  modified  form  was  recommended  for 
consideration.  An  earnest  plea  for  more  books  was  advanced.  The 
Excursions  and  visits  to  Museums  are  well  known  to  have  been 
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remarkably  sucoessfiil,  and  very  asefu],  especially  if  reports  havebeea 
published  of  their  geological  details.  TTie  class-lectures  were  aooa 
discontinued ;  but  it  is  doubtful  if  they  would  not  be  useful  still 
Tlie  intercommunication  with  Societies  and  Field-dubs  in  the 
Counties  has  often  been  recommended,  and  to  a  great  degree  effected; 
but  the  re- institution  of  Honorary  Local  Secretaries,  and  with  them 
the  formation  of  local  geological  committees  in  communication  with 
the  Association,  was  recommended.  The  high  value  always  and 
rightly  placed  by  the  Associates  on  the  presence  of  ladies  at  the 
meetings  was  duly  mentioned ;  and,  to  insure  their  company  in  the 
field  as  well  as  in  town,  it  was  suggested  that  special  excursions,  free 
from  mountainous  and  rough  ground,  should  be  periodically  arranged. 
The  high  esteem  in  which  the  Association  is  held  by  home  and  foreign 
geologists  was  not  forgotten ;  and  the  Members  were  congratulated 
on  the  success  of  their  Society,  and  advised  to  keep  to  the  lines  and 
precepts  of  their  founders. — Mining  Journal. 


MORTERATSCH    GLACIER,    ENGADINE. 

Sir, — In  the  month  of  August,  1875,  a  friend  and  I  agreed  to  get  an 
approximate  measurement  of  the  rate  of  movement  of  this  glacier. 
With  this  object  we  walked  from  the  glacier  snout,  along  the  moan- 
tain  side,  on  the  left,  till  we  saw  a  large  boulder  on  the  medial 
moraine,  and  also  a  rock  in  situ,  on  the  mountain  side  on  the  right, 
at  about  the  same  level.  We  then  found  a  spot  on  the  left  side,  on 
looking  from  which  we  got  the  boulder  and  the  rock  in  situ,  in  line. 
As  these  were  of  considerable  size  (the  boulder  being  about  80  cubic 
feet),  we  pointed  a  strong  line  on  each  of  them,  and  set  up  a  post 
at  the  stand-point.  Tliis  was  about  3  furlongs  above  the  snout  of 
the  glacier.  Here  the  glacier  is  about  half  a  mile  wide,  the  boulder 
to  the  large  medial  moraine  being  500  yards  from  the  left  side,  or 
stand-point 

To  estimate  the  movement,  one  person  went  on  the  moraine,  near 
the  boulder,  while  another  was  posted  at  the  stand-point,  and  the 
latter  signalled  to  the  former  to  move  to  the  right,  or  left,  till  he  got 
to  a  spot  which  lined  with  the  rock  in  situ.  This  was  marked,  and 
the  distance  to  the  boulder  was  measured. 

In  1875,  three  observations  were  taken,  two  at  intervals  of  10 
days  and  one  at  24  days. 

My  frend  has  not  been  in  the  Engadine  since.  I  have  been  here 
every  year  since.  In  1877,  1879,  and  this  year,  I  have  measured 
the  progress  of  the  boulder,  in  the  manner  described. 

The  result  is  as  follows : — 

The  average  daily  movement,  in  2  years,  Aug.  1875  to  Aug.  1877,  was  1-48  in. 

in  2  years,  Aug.  1877  to  Aug.  1879,  was  1*22  in. 
in  1  yr.  and  9'days,  Aug.  1879  to  Aug.  1880,  was  I  28  in. 
in  5  yrs.  and  9  days,  Aug.  1875  to  Aug.  1880,  was  1-34  in. 
in  44  days,  7th  Aug.  1875  to  20th  Sept.  1875,  was  2-07  in. 

During  the  5  years  the  glacier  has  diminished  very  considerably, 
especially  in  its  depth.     This  may  account  for  the  slower  movement 
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iQ  the  last  three  years.  During  the  past  year  the  houlder  has  been 
at  a  part  of  the  glacier  which  is  steeper  than  where  it  was  previously. 
This  may  explain  the  slightly  accelerated  movement  during  the  last 
year.  I  do  not  rely  implicitly  on  the  44  days'  observation,  but  if 
it  be  assumed  to  be  correct,  it  leads  to  the  inference  that  the  move- 
ment in  summer  is  2  in.  per  day,  and  in  winter  1  in. 

In  the  first  four  years  there  was  no  perceptible  disturbance  of  the 
position  of  the  boulder  on  the  sustaining  ice.  During  the  last  year 
it  has  twisted  a  little. 

Last  summer  I  took  some  observations  to  ascertain  the  superficial 
waste  of  the  glacier  on  a  part  which  was  free  from  moraine  (during 
fine  sunny  weather),  and  found  it  amount  to  about  3  in.  per  day. 
This  summer  I  have  again  taken  observations,  in  a  different  manner, 
extending  over  21  days  ;  these  gave  a  result  of  over  2  in.  per  day. 

Forbes  states  that  the  waste  is  as  much  as  3  in.  a  day  in  a  hot 
summer.  Now  on  comparing  the  scale  of  movement  with  that  of 
the  waste  by  melting,  I  get  results  which  I  cannot  reconcile. 

The  boulder  which  I  have  had  under  observation  cannot  have 
come  from  any  mountain  which  is  less  than  three  miles  distant 
from  its  present  position.  The  angle  of  the  glacier  above  the  part 
where  it  rests,  is  less,  rather  than  greater.  I  therefore  assume  that 
the  recorded  rate  of  movement  may  be  taken  as  an  average,  in 
which  case  the  boulder  must  have  been  travelling  400  years. 

The  depth  of  the  glacier  is  probably  not  more  than  300  feet,  but 
I  will  assume  it  to  be  600  feet,  and  that  the  average  waste  is  only 
two  inches  a  day,  during  three  summer  months,  or  fifteen  feet  per 
annum.  On  this  assumption  the  whole  depth  of  600  feet  would  be 
melted  in  forty  years.  I  have  taken  observations  of  the  relative 
movement  of  the  glacier,  where  covered  with  moraine,  and  also 
where  free  from  it.  They  do  not  encourage  the  supposition  that 
there  is  any  material  difference.  F.  Lloyd. 

19M  August y  1880. 

THE  PERMANENCE  OF  OCEANS  AND  CONTINENTS. 

Sib, — Mr.  T.  M.  Reade,  in  your  September  Number,  quotes  certain 
authors  who  believe  that  oceans  and  continents  have,  throughout  all 
known  geological  time,  occupied  pretty  much  the  same  relative 
positions  as  now. 

There  is,  however,  one  important  omission  in  this  list.  In  the 
famous  chapter  in  the  Origin  of  Species  y  "On  the  Imperfection  of 
the  Geological  Record,"  Mr.  Darwin  endeavours  to  account  for  the 
sudden  appearance  of  groups  of  allied  species  in  the  lowest  known 
fossiliferous  strata ;  he  does  this  by  assuming  that  the  Pre-Silurian 
continents  probably  existed  where  the  oceans  now  are.  He  says  : 
"We  may  infer  that  where  our  oceans  now  extend,  oceans  have 
extended  from  the  remotest  period  of  which  we  have  any  record ; 
and  on  the  other  hand,  that  where  continents  now  exist,  large  tracts 
of  land  have  existed,,  subjected  no  doubt  to  great  oscillations  of 
level,  since  the  earliest  Silurian  period At  a  period  im- 
measurably antecedent  to  the  Silurian  epoch,  continents  may  have 
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existed  where  oceans  are  now  spread  out;  and  dear  and  opea 
oceans  may  have  existed  where  our  continents  now  stand."  (Quoted 
from  3rd  ed.  1861,  p.  335 ;   Ist  ed.  published  in  1859.) 

This  and  similar  statements  in  the  same  chapter  were  then 
regarded  as  pure  assumptions  on  Mr.  Darwin's  part,  made  to  evade 
a  difficulty  which  the  author  himself  admitted  ''  may  be  truly  urged 
as  a  valid  argument  against  the  views  here  entertained."  The 
inference  in  the  first  half  of  the  quotation  given  above  will  probably 
now  be  accepted  by  most  geologists ;  that  in  the  second  half  may 
not  yet  gain  so  general  a  belief.  The  '<  Record  "  of  Palasosoio  life 
has  been  carried  far  back  since  the  publication  of  the  "  Origin  of 
Species/'  but  the  difficulty  remains  much  as  it  did,  and  can  probably 
only  be  explained  in  the  manner  stated  by  Mr.  Darwin. 

Geological  Sukvey  Ofpice,  London,  -«r     T«/>x>Twr 

September  2bth,\^^Q,  ^*    XOFI^I. 

POST-GLACIAL. 

Sir, — In  a  letter  in  your  last  Number  under  the  above  heading, 
Mr.  Dalton  referred  to  the  mention  of  a  burnt  stone,  or  what  ap- 
peared like  one,  found  by  me  at  Lexden  brickpit,  and  argues  from 
it  that  Pal83olithic  Man,  the  contemporary  of  these  great  beasts,  was, 
as  man  is  now,  a  '^  cooking  animal."  But  this  burnt  stone,  if  such 
it  was,  was  not  found  in  the  same  stratum  with  the  pachyderms,  but 
in  brick-earth  overlying  it  I  believe  I  made  this  sufficiently  clear 
in  my  paper  upon  the  deposit  (Quart  Joum.  Geol.  Soc.  1863,  p.  396). 

I  am  rather  disposed  to  think  that  this  brick-earth  is  considerably 
more  recent  thsin  the  peat,  in  and  beneath  which  the  bones  of  ele- 
phants and  rhinoceroses  were  so  abundant  O.  Fishee. 
Harlton,  Cambbidob,  6  Nov, 


*' FOSSILS  OTHERAVISE  THAN  ON  BEDDING  PLANES.'' 
Sir, — Since  the  appearance  of  my  letter  in  your  September 
Number,  I  have  been  confirmed  in  my  view  by  several  other  observers, 
and  I  would  especially  mention  two  who  have  kindly  furnished  me 
with  definite  instances  in  point.  Mr.  Ussher  lately  sent  me  a 
specimen  from  the  Lower  Lias  near  Newark,  showing  AmmoniUs 
planorhis  occurring  nearly  vertically  to  the  bedding;  and  by  this 
morning's  post  (Oct.  26th)  I  have  received  from  the  same  locality, 
through  the  kindness  of  Mr.  Dalton,  a  drawing  of  two  specimens  of 
Ammonites  semicostatus  traversing  the  bedding,  the  one  at  an  angle 
of  about  45",  the  other  at  an  angle  of  about  30°. 

I  have  already  suggested  what  api>ear  to  me  certain  vera  caiua 
for  the  occurrence  of  fossils  in  such  positions.  I  will  only  now  add 
that  if  conditions  should  hereafter  supervene  which  should  alter  the 
character  of  these  Liassic  beds,  obliterating  the  bedding  and  super- 
inducing cleavage,  rendering  them  in  fact  mineralogically  similar  to 
the  Silurian  slates  before  referred  to,  the  only  fossils  visible  in  them 
would  as  a  rule  be  those  which  happened  to  coincide  with  the 
cleavage  planes.  W.  Downes. 

Kentisbearb,  Collumpton, 
October  26th,  1880. 
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SEARLES    VALENTINE     WOOD,     F.G.S. 

BoBN  Feb.  14th,  1798 ;  Dibd  Oct.  26th,  1880. 

MR  WOOD  was  born  on  St.  Valentine's  Day,  1798,  henoe  his  name. 
He  went  to  sea  as  a  midshipman  in  the  '*  Thames"  (one  of  the 
East  India  Company's  mercantile  fleet)  in  1811 ;  and  continued  in 
that  service  until  the  year  1826,  when,  being  disappointed  in  obtain- 
ing the  command  of  a  ship  that  had  been  promised  him,  he  retired 
from  a  maritime  life,  and  devoted  himself  to  paleeontological  studies. 
Settling  in  his  native  place  in  Suffolk,  he  gave  the  larger  part  of  his 
attention  to  the  Crag,  but  he  collected  extensively  from  the  Hamp- 
shire Tertiaries  ;  and  for  the  purpose  of  working  out  the  relation  of 
these  to  the  beds  of  the  Paris  basin,  he  formed  an  extensive  collection 
of  the  French  Eocene  MoUusca. 

From  these  materials,  and  from  correspondence  with  Deshayes 
and  other  French  savans,  he  was  prepared  to  have  taken  up  the 
description  of  the  English  Eocene  MoUusca  long  before  he  actually  did 
so,  circumstances  having  determined  his  undertaking  the  description 
of  the  MoUusca  from  the  Upper  Tertiaries  first  He  also  formed  a 
considerable  collection  of  recent  MoUusca  for  comparison  in  working 
out  the  relations  of  the  MoUusca  from  Tertiary  formations.  Having 
left  Suffolk  from  ill-health,  and  settled  in  London,  he  was  in  1837 
introduced  to  Sir  Charles  (then  Mr.)  Lyell ;  and  was  associated  with 
him  in  the  endeavour  in  which  Lyell  was  then  mainly  engaged,  to 
work  out  a  better  knowledge  of  the  Tertiary  formations,  which  up 
to  a  period  not  long  before  that  time  had  been  regarded  as  of  small 
account,  in  comparison  with  the  '^  Secondary  "  group.  In  this  task 
LyeU  relied  principally  on  S.  V.  Wood  and  the  late  G.  B.  Sowerby 
fo):  the  determination  of  the  identity  of  the  MoUuscan  remains  from 
various  countries  with  those  found  fossil  in  England,  and  with 
the  MoUuscan  fauna  living  in  existing  seas,  as  far  as  these  were 
then  known.  Mr.  Wood  also  for  a  few  months  about  this  time  acted 
as  Curator  of  the  Museum  of  the  Geological  Society. 

Urged  to  the  task  by  Lyell,  he  commenced  (with  the  co-operation 
of  the  present  G.  B.  Sowerby  as  engraver  and  intended  publisher), 
the  description  of  the  ''  Crag  MoUusca  " ;  and  considerable  progress 
having  been  made  with  the  manuscript  and  plates  of  the  first,  or 
"  Univalve  "  part  of  this  work,  when  the  Paleeontographical  Society 
was  formed  in  1847,  this  part  formed  the  first  volume  of  the 
magnificent  series  of  scientific  publications  which  have  been  issued 
by  that  Society.  The  rest  of  the  "Crag  MoUusca"  followed  in 
subsequent  years ;  and  upon  the  completion  of  this  work,  and  in 
recognition  of  his  labours  generaUy  in  connexion  with  the  Tertiary 
MoUusca,  the  Council  of  the  Gfiological  Society  awarded  to  Mr. 
Wood  in  the  year  1860  the  WoUaston  medal.  A  large  supplement 
to  this  work,  embodying  the  discoveries  which  had  subsequently 
accumulated,  was  prepared  by  Mr.  Wood ;  and  this,  accompanied  by 
an  introduction  describing  geologically  the  formations  from  which 
the  remains  embraced  by  the  work  had  been  obtained,  from  the  pen 
of  his  son  and  of  Mr.  F.  W.  Harmer,  was  issued  by  the  Palseonto- 
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graphical  Society,  in  1871  and  1873.  A  second  supplement  followed 
this  in  1879,  and  Mr.  Wood  was  actively  engaged  up  to  the  day  of 
his  seizure  with  fatal  illness  on  another  small  addition.  On  the 
completion  of  the  description  of  the  Molluscan  remains  from  the 
Crag,  Mr.  Wood  presented  the  unrivalled  collection  of  them,  which 
he  had  been  forming  during  thirty  years,  to  the  nation  ;  in  order  that, 
by  being  preserved  intact  in  the  British  Museum,  the  types  of  all  the 
forms  which  had  been  described  and  figured  by  him  in  his  work 
(save  two  or  three  which  belonged  to  other  persons),  might  be 
available  for  examination  and  comparison  by  naturalists  engaged  in 
similar  labours. 

He  also  presented  to  the  nation  the  valuable  collection  of  vertebrate 
remains    (including    among  them    the    unique  jaws   of  Alligator 
JSantoniensts,  and  Jlicrochcerus  erinaceus)^  which  he  had  in  1843-5 
extracted  from   the  Eocene  Freshwater  beds  of  Hordle  Cliff;  and 
from  which  beds  up  to  the  time  when  he  commenced  to  form  this 
collection  no  such  remains  had  been  known.     These  he  partially 
figured  and  described  in  the  London  Greological  Journal ;  but  the 
stoppage  of  that  publication  brought  this  part  of  his  labours  to  an 
unexpected  termination.     In  1858,  having  the  advantage  of  an  un- 
restricted manipulation  of  the  more  extensive  collection  of  Eocene 
Mollusca  which  had  been  formed  by  his  friend  F.  E.  Edwards,  he 
commenced  the  description  of  the  Eocene  Bivalvia,  Mr.  Edwards 
taking  upon  himself  (and  having  commenced  before  this)  the  Cepha- 
lopoda and  Gasteropoda ;  and  several  parts  of  this  work  were  issued 
by  the  Palaeontograpliical  Society.    Failure  of  health  put  a  somewhat 
premature  period  to  ISli.  Edwards'  share   in  this    work,    but   Mr. 
Wood  contiuued  his  share  for  some  years  longer,  relinquishing  it 
only  when,  shortly  before  Mr.  Edwards'  death,  this  collection  was 
acquired  by  the  British  Museum.     During  the  time  in  which  it  re- 
mained in  Mr.  Edwards'  possession  he  was  accustomed  to  place  in 
Mr.  Wood's  care,  for  study  at  his  leisure,  all  specimens  he  possessed 
which  in  any  way  illustrated  the  subject  in  hand,  but  this  the  transfer 
of  the  collection  to  the  British  Museum  rendered  impracticable ;  and 
as  it  was  Mr.  Wood's  feeling  that  in  addition  to  that  opportunity 
for  careful  study,  all  forms  as  to  which  any  doubt  existed  ought  to  be 
carried  abroad  and  compared  with  those  in  the  Museums  of  France 
and  Belgium,  if  justice  was  to  be  done  to  the  subject,  and  as  at  his 
advanced  age  he  was  unable  to  accomplish  this,  he  on  the  issue  of  the 
part  in  the  volume  of  the  Pala^ontographical  Society  for  1877  re- 
linquished the  further  prosecution  of  the  **  Eocene  Bivalvia,"  though 
he  subsequently  added  a  small  contribution  (both  to  Mr.  Edwards' 
and  his  own  portion)  on  special  groups  of  Eocene  Mollusca,  which 
he  was  able  to  do  from  resources  affordel  by  his  own  collection  and 
the  collections  of  some  friends. 

He  maintained  his  activity  both  of  mind  and  body  up  to  the  day 
of  his  seizure  with  fatal  illness,  which  took  place  on  the  21st,  and 
terminated  with  his  death  on  the  26th  of  October  last.  He  was 
buried  in  the  churchyard  of  Melton,  near  Woodbridge,  in  view  of  the 
Crag  of  which  the  study  had  occupied  so  much  of  his  life. 
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